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APPENDIX E 



General enquiry letter of 2nd February 1967 



Purpose of the Letter 

1 The Committe of Enquiry wished to seek views on a wide range of topics relating 
to the technology of pressure vessels including their standards, design and manufacture. 
To do this the Committee circulated a general letter of enquiry to a number of organisa- 
tions, many of which were government departments, public bodies and representative 
associations, unions or institutions. Encouragement was given towards the pre- 
paratian of Submissions not only on the ten main areas noted below but on any 
other topics which respondents wished to bring to the attention of the Committee of 
Enquiry. 

2 Altogether 77 organisations were circulated with the enquiry letter and suitable 
submissions solicited from these. Unsolicited contributions were also received from 
individual companies; these are not, however, included in the analysis of the response 
to the enquiry letter. 

3 The number of replies to the enquiry letter is given in detail in Table E(l). 



TABLE E(l) 

Analysis of replies to enquiry letter of 2nd February 1967 



Group 


Letters 

sent 


No 

reply 


Replies 


Of the rei 


)lies; subr 


oission 


declined 


agreed 


received 


1. Govt, depts. 


10 


1 


9 


4 


1 


4 


2. Public sector 


15 


0 


15 


6 


0 


9 


3. Prof, instns. 


14 


I 


13 


5 


2 


6 


4. Trades unions 


6 


2 


4 


2 


0 


2 


5. Insurance bodies 


8 


0 


8 


4 


0 


4 


6. Trade assocas. 


24 


1 


23 


3 


2 


18 


TOTALS 


77 


5 


72 


24 


5 


43 



4 There was a good level of preliminary response ; 72 out of 77 organisations replied 
and they either: 

declined to submit (24 organisations), 

or agreed to submit, but had yet to submit (5 organisations), 

or agreed to submit and had submitted (43 organisations). 

5 A guide for the general reader’s benefit has been prepared by making a num^cal 
analysis of the replies to the enquiry letter and whidi indicates the frequency of commit 
on mam areas rrf int^est (or concern) to respondent organisations. This is shown 
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diagrammatically in the form of a bar chart in Fig. E(l), and covers the ten main areas 
of interest: 

Design 

Materials 

Fabrication 

Inspection 

Insurance 

Legislation 

User requirements 

UK industry 

International practice 

Background technology 

as well as — Miscellaneous pressure vessels (dealing with problems relating to specie 
types of pressure vessel). The pattern of effort allocated by the Committee of Enqmpr 
towards discussing these areas broadly followed the pattern of cogent as show m 
Fig. E(l). In undertaking its work the Committee naturally took mto account the 
relative weighting of the respondents involved. 



6 It is evident that the major problem areas were identified as those of design, 
inspection, materials, fabrication and background technology. 



7 Fig. E(l) is, in effect, a summary bar chart of all sub-areas for each of the mam 
areas As 43 orgmiisations had made submissions, the maximum ‘number of respond- 
ents’ possible for any of the Figs. E(2) to E(12) is also 43. Thus rationalisation of desi^ 
standards was most frequent with 29 mentions (i.e. 68 % of respondents), dOMly 
followed by rationalisation of manufacturing inspection with 28 mentions (i.e. 65 /„ or 
respondents). 



8 A detailed analysis for design is given in Fig. E(2) wMch shows that the question 
of rationalisation of standards was noted by nearly three times as many respondents as 
the next most frequently noted design sub-area. When considered with those noting 
rationalisation of standards preparation, this appears as the sub-area most frequently 
noted by respondents. 



9 A detailed analysis for materials is given in Fig. E(3) in which rationalisation of 
steel specifications leads other sub-areas such as high temperature proves and 
cleanliness/quality control. It should be noted that these are views submitted by 
respondents in early 1967 and the position in respect of certain sub-areas may ha.ve 
altered by mid-1968, viz. steel specifications were being rationalised into a major senes 
of BS, and its publication might now satisfy most of these respondents. 



10 Fabrication does not throw up any outstanding sub-ar^, see Fig. E(4), but the 
sub-area of Trades unions comes fairly low on the list, being noted by only four 
respondents. 

1 1 Inspection shows a similar pattern to Design, see Fig. E(5), in that Rationalisa- 
tion of manufacturing inspection is the most frequait sub-area by 50 %. There is also a 
number of respondents noting the sub-area of certification of inspectors. 



12 Fig. E(6) shows that Insurance was of less apparent interest than many of the 
Other areas considered. 
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13 So also Fig. E(7) shows that legislation was noted less frequently, although there 
were certain aspects of legislation in the UK that caused respondents to note this 
sub-area. 

14 User requirements in Fig. E(8) and UK industry in Fig. E(9) show respectively 
that User responsibilities including safety were major sub-areas, and that rationalisation 
of the UK industry and the import/export position were noted by a substantial number 
of respondents. 

15 Fig. E(10) shows that many respondents felt the need for an ISO pressure vessel 
recommaidation, 

16 It is interesting to note that the sub-area — R & D (Communication to and use 
by fabricators) — ^headed the list of sub-areas in R &D, see Fig. E(ll), over all other 
specific R & D topics. 

17 A number of problems were noted by respondents in respect of particular types 
of pressure vessel. Fig. E(12) shows the relative frequency with which these are noted. 
The overall low numbers of respondents reflect the fact that this was not an area noted 
for comment in the general enquiry letter (in distinction to all the other areas considered 
above). 

18 All of the individual replies from respondents were considered in detail by the 
Committee of Enquiry, and formed an important source of evidence. Whilst it is not 
possible to reproduce all of this evidence in this appendix, the Committee have taken 
into account all the important commaits (made by respondents) in the text of the 
Chapters to this Report, and in the actions taken by the Committee aibsequent to the 
receipt of the replies to the general enquiry letter (e.g. the materials surv^, the sub- 
committee on inspection, etc.). 
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Fig. E(1). Division of comment from respondents by major areas 
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Fig. E(2). Detailed division of design items on wiiidi respondents commented 



PV VOL n A* 
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MATERIALS 


NO. OF RESPONDENTS 




0 10 20 30 

1 1 1 1 


Rationalisation of Steel Specifications 




High Temperature Properties 
Aluminium Alioy and Standards 




LowTemperature Properties 




Stainless Steel and Standards 




Low Alloy Steel and Standards 




Steel Supply and Stockists 




Cleanliness/Quality Control 




Mechanical Properties 


— 


Metallurgical Aspects 


' 


Guaranteed Minimum Property Levels 




Copper Alloys 


' 


Steel Prices 





Non-Ferrous (Exotics) 


— 


Composition 





Clad Materials 




Consumables 


— 


Segregation (in cast] 


— 


Statistical Analysis of Property Data 


— 


Documentation and Identification 


— 


Plastics 


— 


Quenched andT'empered Steels 




Co-operation Between Suppliers and 
Fabricators 





Fig. E(3). Detailed division of materials items on which respondents commented 

6 

Printed image digitised by the University of Southampton Library Digitisation Unit 



GENERAL ENQUIRY LETTER 



FABRICATION 


NO. OF RESPONDENTS 

0 10 20 30 

111* 


Welding Fabrication 




Costs and Overall Economics 




Heat Treatment (Stress Relief) 




Works Control/Production Methods/Deliver^ 




Dished Ends 




Tbick-Walled Pressure Vessels 




Quality Control 




Automatic Methods 


— 


Certificates for Welders 




Education 




Trades Unions 


— 


Forged Fabrication 


— 


Tube andTubeplates 


— 


Standardisation 


— 


Welding Equipment and Consumables 


— 


Comparison lArhh Fabricators Abroad 


— 


Large Pressure Vessels 





Fig. E(4). Detailed division of fabricatksi items on ^ch rc^ndents commented 
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INSPECTION 1^0- RESPONDENTS 

0 10 20 30 

1 1 i n 

Rationalisation of Manufacturing 
Inspection 

Pressure, Proof or HydraulicTest " 

NOT (General) 

Tests (Unspecified) ' 

Registration of Fabricators (AID etc) 

Certification of Inspectors 

Notched ImpactTests 

Rationalisation of Inspection Standards 

NDT (Radiography) 

Inspection Abroad and Requirements ■ ’ 

NDT (Ultrasonic) ■ 

Steel Mills Inspection ' ' ' 

Maintenance Inspection — 

ElectronicTesting Devices (Strain — 

gauges) 

Certification of NOT Operators — 

Explosion BulgeTest — 

Rg. E(5). Detailed division of inspection items on ^sliich respondents commented 
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INSURANCE 


NO. OF RESPONDENTS 




0 10 20 
r~ 1 [ 


Insurance and Insurance Interests 




Contracts for Inspection and Insurance 
E(6) Comparison whh Insurance Abroad 


— 


LEGISLATION 


ND.OFRESPtMJENTS 

0 10 20 

i 1 j 


Legislation in UK 




Scope of UK Legislation 


— 


Competent Person (Legal Definition) 


— 


Comparison wttb Legtslatwn Abroad 


— 


Boiler Explosions 


— 


Rationalisation of UK Legislation 


- 


Gas Cylind»-s 


- 


Transport of Dangerous Goods 
E(7) laflanmabie Liquids 


- 


USEfil^aUIREMENTS 


NO. OF RESPONDENTS 

0 10 20 
1 1 1 


UK User faitnests B Responsibilities 




Safety Accident Prevention) 




Commtmn^tion between U^rs and 
Fabricators 




'Snowball' Taidering 




High Temp. & Press. (B Standards) 




Prices 


— 


Contract Guarantees 


— 


Foreign User Requirements 


— 


Maintenance 


— 


Progress Reports from Faibricators 


- 


Certification of Plant Operatives 

E(8) FutureTecbfllcal Retirements of 

Users 


- 



Figs. E(6), E(7), and E(8). Detailed division of various itons on which respondents commented 
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UK INDUSTRY 

Rationalisation of Fabrication 
Industry 

Comparison of UK Industry witii 
Abroad 

Import/Export 

E(9) Dumping 

INTERNATIONAL PRACTICE 

Need for ISO Pressure Vessel 
Recommendation 

E(10) Other International Aspects 

BACKGROUND TECHNOLOGY 

RED (Communication to and Use by 
Fabricators) 

ROD (General) 

Failure by Bursting or Other Modes 

Fast or Brittle Fracture 

Creep 

Cracks. Defects, Flaws 
Fatigue 

Corrosion and Stress Corrosion 
Welding Technology 
PVRC 

Creep Rupture 

Innovation (Novel Techniques) 
Calculation of Stresses 
E(11) Explosive Forming 



NO. OF RESPONDENTS 

0 !0 20 

f"”"’ I ) 



0 



NO. OF RESPONDENTS 

10 20 



NO. OF RESPONDENTS 
0 10 20 

I 1 1 



Pros. E(9), E(10), and E(ll). 



Detailed division of various items on which respondents 
commented 
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MISCELUNEOUS PRESSURE VESSELS NO. OF RESPONDENTS 

0 10 ?n 

r — — r 1 

Nuclear Pressure Vessels — 

Air Receivers - — 

External Pressure and Vacuum Vessels - — 

Vehicles with Pressure Vessels — 

Heat Exchangers -~— 

Transportable Vessels — > 

Cryogenic Storage Tanks ~— 

Boilers —— 

Tanks — - 

Automatically Controlled Boilers — 

HP Gas Holders — 

Fig. E(12). Detailed division of various pressure vessels on which respondents comment«i 
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Economic survey of the UK and selected foreign jH-essore 
vessel industries 



prepared by 

Dr. H. J. Ivey, Joint Secretary of the Co mmi ttee of Enquiry, from research 
conducted in consultation with and on behalf Of the Committee by 

BatteUe Memorial Institute 
and 

Ministry of Technology 
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CHAPTER 1 



IntrodnctioB 



Objecthes 

1.1 The objectives of the economic survey have been to establish the following; 

(a) the ‘identification’ of the UK pressure vessel industry (in terms of the total 
number of pressure vessel fabricators; their aimual output of pressure vessels, heat 
exchangers and tanks; and the maximum ‘spare capacity’ in the UK that technicaliy 
could be used for the manufacture of pressure vessels); 

(b) the structure of the UK pressure vessel industry (in terms of its breakdown 
according to average size of company; specification with respect to vessel type- 
pressure vessels, heat exchangers or tanks; whether shop or site-built; materials 
used; maximum weights of vessel and thicknesses of plate material fabricated; and 
other relevant characteristics); 

(c) the estimation of present and future demand for pressure and other vessels in the 
UK in the major user sectors ; 

(d) the level of imports of pressure and other vessels into the UK and the level of 
exports from the UK, including an estimated breakdown between exports via 
contractors and exports direct by the fabricators; 

(e) the examination of the structure, output and competitiveness of the pre^ute 
vessel industries in the major competing countries; France, Federal Republic of 
Germany, Italy, Sweden and Japan; 

(f) the estimation of present and future demand for pressure vessels in major foragn 
user sectors including; EEC, EFTA, COMECON, Iratin America, India, Pakistan, 
and Japan; 

(g) the approximate level of imports and exports of the major competing countries, 
thereby identifying the net importers and net exporters of vessels; 

(h) the comparison of the UK and foreign pressure vessel industries, including an 
examination of tetdinical, commercial and institutional factors influencing their 
relative competitiveness. 

12 The above objectives are considered in the following Chapters and Annexes 
of the present economic survey [the letter sub-heads (a) to (h) correspond to those used 
in the above paragraph]; 

(a) Chapters 2 and 7 ; 

(b) Chapters 3 and 4; Annexes A, B, C, D and F; 

(c) Chapters 5, 6, 7, 19; Annexes E, F and G; 

(d) Chapters 6, 7, 8 and 9; 

(e) Chapters 10, 11, 12; Annex H; 

(f) Chapters 13, 14, 15, 16, 17, 19; Annex G; 

(g) Chapter 10; 

(h) Chapter 18. 

15 
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Scope and methods 

1.3 The survey has covered: 

pressure vessels (built to a recognised design standard and subject to inspection); 

shell and tube heat exchangers (built to a recognised design standard and with a shell 
thickness greater than f ' thickness) ; 

plate welded tanks (capacity greater than 100 gallons and thickness greater than or 
equal to |' thickness). 



1.4 Pressure and other vessels are not readily definable products and due to lack of 
data in the Customs and Excise Import-Export Lists up to December, 1967, it was not 
possible to ascertain from available statistical sources: 

the value of UK pressure and other vessel exports between 1962-1966; 

the value of UK pr^ure and other vessel imports in the same period. 

Because of this and other considerations it was not possible to obtain estimates of the 
balance of supply and demand in the UK. 



1.5 The following approach for the economic survey was adopted: 

(a) PRODUCTION of pressure vessels in the UK was obtained by drculation of 
questionnaires (over 1,200) to every company which was thought to have production 
facilities for pressure vessels; 

(b) PRESSURE VES^L PRODUCTION CAPACITY was Calculated on the basis of the sum of 
fabricators’ estimates (returned in the questionnaires) of how much more they could 
have produced with the same equipment and labour situation, but continuing with 
the same volume of known pressure vessel work; 

(c) UK De^ND for pressure vessels was estimated for the four niflih demand sectors : 
Gas: estimates of purchases from 1962-3 to 1967-8, with forecasts up to 1972-3 
under the industry’s five year development plan, were obtained from information 
supplied by the Gas Council and Area Boards; 

Electricity: the CEGB and the SSEB provided estimates of purchases up to 1970-1 
under the approved building programme (excluding Hartlepool); methods were 
^o derived for relating vessel purchases to the total cost or Megawatt capacity 
of stations likely to be approved in future; 

Oil: estimates of purchases were made by applying pressure vessel ratios either to 
the industry’s investment in refinery plant or to its total purchases of hardware 
(given in the 3rd report of the Process Plant Working Party); 

Chemicals: two separate sets of estimates were made: die first ramp from the 
application of vessel ratio to estimated expenditure on equipment in the relevant 
sectors of the industry, and the second came from a CIA sample survey of its 
members, asking for purchases of vessels made by them or on thek behalf from 
1962-67. (It was not possible to obtain estimates of purchases by the contractors.) 
These two methods are described further in paragraphs 1.13 and 1.14. 

(d) IMPORTS it was not possible to obtoin figures of imports, apart from the estimates 
included in the CIA survey which are not thought to reflect accurately imports of the 
whole industry; 

16 
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(e) DIRECT EXPORTS of prcssuTe vessds were obtained frMn fabricators’ returns. It 
was not possible to obtain (from contractCHs) estimates of the much lar^ vohime 
of rc^ls exported through such organisations. 

1.6 Th ? supply survey in the United Kingdom was directed towards actual or possible 
pressure vessel fabricators culled from lists obtained from: 

organisations such as the Tank and Industrial Plant Assodation and the British 
Chemical Plant Manufacturers’ Association that both had membership lists that 
could serve as a ba^ for identifyii^ the pressure vessel industry; 

very complete lists, drawn up by Battelle and the Ministry of Technology, erf com- 
panies in the United Kingdom who were friought to have the fabrication facilities 
necessary for the manufacture of pressure vessels. 

1.7 Two basic questionnaires were used: a long one to provide details on con^anies 
whidi w«e thou^t to be significant pressure vessel mamrfacturers ; and a short one sent 
to a large number of companies to provide for complete coverage of output. The long 
questionnaire was initially sent out as a pilot questionnaire and then revised slightly 
for a further Kmited circ^ation (as the long questionnaire). The questionnaires were 
designed to define: 

the type of fabricator; 

the main production range and product spedahsation; 

the factors Bmiting capadty; 

the use of the labour force; 

the allocation of man-power; 

details of heavy fabrication facilities and equ^ment; 

the significance, profitability and duration of activity as a pressure vessel buihter; 
production statistics (oulput for 1966 and orders reedved 1962-1966). 

1.8 response rates of 80% or morewere reedved inr^y to these questionnaires, 
but not man.y conpaz^ were aHe or wfilmg to provide details of statistics of orders 
received before 19^. Tins meant tlmt the fiuctimtkms in output before 1965 and 1966 
oonld not be (tefined with any accuracy, as tiie returns of total orders were usually 
linked to the total otxtput of the heavy f^rkation shop and not jiKt to pressure vessds. 
A pressure vessel percentage can be calculated from this )ss udng the respondents’ 
indication of the sigrnficance erf pressure vessels to this was not particularly accurate. 

1.9 The sh«t questionnaire provided information on the *tail’ of the pressure vessd 
industry and was designed to: 

identify all other fabricators; 
determine thdr categc«y or activity; 

I^oduce e^ential inforaation on capadty, output and the proStatoty of manu- 
facturing ivessure vessels. 

1.10 All these questionnaires were broken down and analysed in various ways and 
constitute the basis of Chapters 2 and 3, and Annex B. 

l.n In the course of the survey interviews were held with thirty-five fabricators to 
obtain an understanding of the problems facto the pressure ve^d industry, and the 
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causes of and possible solutions to these problems. These interviews were designed to 
augment the data acquired from the questionnaires and to provide qualitative in- 
formation on the structure of the industry, management attitudes, production equip- 
ment, labour availabUity and labour relations, market orientation, marketing methods, 
and the numerous other factors which determine the competitiveness of a particular 
industrial sector. 

1.12 The demand survey included interviews undertaken with the essential demand 
elements — ^the contractors and the fin a l users — to obtain their comments on the UK 
pressure vessel industry, their criteria of choice and purchasing methods, and the 
reasons why pressure vessels had been imported. It also provided an outline of the 
types of pressure vessels used in each m a in demand sector and to indicate future 
requirements. 

1.13 The demand survey in respect of the chemical industry was undertaken in the 
following manner. The twenty most important chemical contractors (or contracting 
divisions of major plant users) in the United Kingdom procure about 50-70% of all 
chemical plant in the UK, and although they are essentially intermediaries in the 
demand pattern and not generators of demand, without their records any economic 
survey on chemical plant would not be feasible. In the course of this survey, despite a 
number of approaches, only two-thirds of the contractors were able or disposed to 
prepare a simple return on pressure vessels, although all were co-operative in providing 
valuable qualitative comment on how they, as contractors, viewed the British vessel 
industry. An estimate had, therefore, to be made of the percentage coverage represented 
by the British contracting industry in terms of value of equipment procured, both for 
home and overseas projects. 

1.14 The following two approaches for the chemical industry demand survey were 
adopted: 

(a) The chemical industry was divided into its main product components in greater 
detail than that established under the SIC mi nim u m list headings. Investment 
figures (essentially expenditure on plant and machinery) were sought for each list 
heading. It was intended to apply an appropriate pressure vessel ratio to each sub- 
sector, derived from the figures for actual plants obtained from field interviews. 
However, a long series of investment figures in this detail was not obtainable, for the 
Board of Trade’s Census of Production figures were not continuous, and the annual 
investment figures published did not go to sub-sector level for the chemical indust^. 
Neither were investment figures held by the various trade associations for companies 
in the industry. The following approach was adopted in order to allocate investment 
figures for sub-sectors of this industry. In its annual surveys of the chemical industry, 
‘Chemical Age’ gives estimates of expenditure on plant for each sector of the chemical 
industry and the figures are thought to provide a reUable guide to the division of 
investment between heavy organics, inorganics, fertilisers and so on. For this survey, 
therefore, the official total investment figure for the chemical industry has been 
divided between the sectors of the industry according to the percentage division in 
the ‘Chemical Age’ surveys. It is to these proportions of the total investment figures 
that the appropriate pressure vessel ratios have been applied. 

(b) The above method for the chemical industry was cross-checked by the circulation 
of questionnaires by the Chemical Industries Association on the survey’s behalf to a 
sample of twenty-six chemical companies, all of which were returned. 

The results of methods (a) and (b) tally reasonably well, and whilst accepting the 
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inevitable limitations of these methods, they have also provided a way of evaluating 
pressure vessel demand per sub-sector of the chemical industry. 

1.15 The evidence and opinions of a large number of organisations and personnel 
were noted in the course of the survey, and the types of organisation interviewed are 
indicated below (the numbers of corresponding interviews are shown in brackets): 

Government organisations (3) 

Organisations concerned with design standards and inspection (2) 

Trade associations (6) 

Research associations (2) 

Nationalised industries (3) 

Pressure vessel fabricators (34) 

Forge mastCTs (6) 

Steel plate suppliers (3) 

Chemical engineering contractors (21) 

Pressure vessel users (35) 

Export promotion organisations (3) 

1.16 It was considered desirable to examine the pressure vessel industries of France, 
Germany, Italy and Sweden together with that of Japan (whose presence of massive 
integrated steel producing, fabricating and contracting groups in international markets 
is believed to be significant). The approach for countries abroad was as follows: 

national and relevant trade association statistics were acquired and analysed. The 
detailed breakdown with regard to product categories was, as with the United King- 
dom, not entirely satisfactory; 

the main foreign pressure vessel fabricators were identified and their brochures and 
annual reports obtained; 

interviews were, where possible, held with: 
the association(s) grouping the sections of heavy fabrication industry in which 
pressure vessel hibricators were to be found; 
the official design standards and inspection authoriti^ ; 
three to four chemical contractors; 
three to four main final users; 
three to five pressure vessel fabricators; 
a major steel plate supplier. 

1.17 The various sources and interviews outlined above made it possible to establish 
‘profiles’ of the relevant foreign industriM; this also provided a basis for comparison 
with the UK industry. 



Definitions 

1.18 Definitions used in the economic survey of the UK pressure vessel industry are 
as follows: 

PRESSURE VESSELS are vessels built to a recognised British or foreign design standard 
and/or subject to inspection requirements; 
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HEAT EXCHANGERS are only those of the shell and tube type with a shell thickness 
greater than |', and built to a recognised design standard; 

TANKS are storage vessels, bulk transport containers etc., or other vessels with a 
capacity of more than 100 gallons, made from plate not less than |' in thickness and 
of welded construction (includes ^ed tanks, road and rail tankers and demountable 
tanks, e.g. for carriage by ship, road or rail). 



1.19 Throughout this report whenever ‘pressure vessels’ is implied as a generic term 
meaning ‘pressure vessels, heat exchangers and tanks’, the generic term used is ‘vessels*. 
Thus ‘vessels’ are receptacles, usually manufactured by welding metal plate, containing 
fluid under pressure or vacuum, of the pressure vessel, heat exchangers and tank types. 



1 .20 Vessels need to fulfil certain safety requirements as failure can result in explosion 
or the loss of dangerous fluid. Vessels are, therefore, nearly always constructed to a 
design standard or ‘code’ which incorporate safety aspects of design and construction 
and good design practice. This permits a precise definition of a pressure vessel, viz., 
‘all vessels built to a pressure vessel design standard and/or subject to inspection 
requirements’. The standards are usually BS 1500 and BS 1515 in the UK, ASME 
Sections III and VUI in the USA, and the various publications under the auspices of 
TUV in Germany. 



1.21 These d^ign standards may be used for the construction of various plant items 
including: 

storage vessels, which may be used for storage of gases: nitrogen, carbon dioxide, 
air, chlorine etc., and these ‘gases* may be liquefied. Town-gas, petroleum and 
many chemical products are also frequently stored under pressure at various stages 
of production. In storage vessels simple physical lu’ocesses, notably mixing and heat- 
ing, may take place. ‘Spheres’ are examples of very large storage vessels; 

reactor vessels are generally associated with higher pressure, temperature and 
corrosion conditions than storage vessels. These vessels may vary from the huge 
hydrogenerator vessel of an oil refinery, to the shell of a shell boikr, or a small 
reactor vessel for dyestuffs; 

columns, often used in the petroleum and petrochemical industries, include distillation 
and scrubbing columns, and are amongst the largest pressure vessels built; 

heat exchangers of the shell and tube type frequently support a pressure on the shell 
side and may be considered as ‘pressure vessels*, vhien the generic term ‘vessels* is 
used in this report with no separate mention of heat exchangers, heat exdiangers 
fulfilling these conditions are included; 

tanks could well be defined as non-pressurised vessels and are used for storage of 
liquids, such as fuel oil, at near atmospheric pressure. However, pressure vessel 
design principles are usually used for large tanks. They have been included in the 
generic term ‘vessels’ in the same way as heat exchangers. 



1.22 The units used in the economk: survQ^ are defined as follows: 

weights all tonnages referring to the UK are long tons, whereas 

metric tons are used for the Continental industries. The 
difference in the context of this survey is not significant; 
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pressures 



value of £ 



temperature 
prices {foreign) 



prices {UK) 



these are invariably referred to in pounds per square inch 
gauge (psig); 

the poimd sterling referred to throughout is that prior to the 
18th November 1967 devaluation (Le. §2:80 to the £1); 

the centigrade scale has been used throu^out; 

all basic historic data on FOREIGN supply, demand and 
investment are quoted at their (historic) contMnporary 
prices. All estimates of demand in the future are quoted at 
1966 price levels, but these future estinmtes do include a 
factor allowing for the steady inflation of (cash) prices, since 
the future estimates made are based on an historic series of 
steadily inCTeasing and inflating prices; 

all basic historic data on UK supply, demand and investment 
are quoted at 1966 price levels (obtained by use of appropri- 
ate price indices). All future estimates are given strictly at 
1966 price levels (i.e. unadjusted for any inflation). 



1 .23 For a full list of definitions of othCT terms used in the economic surv^, the reader 
is referred to Appendix C — ‘Glossary of technical and industrial terms’ given in Volume 
1 of the Report of the Committee of Enquiry on Pressure Vessels. 
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CHAPTER 2 



UK supply; output and capacity 



The postal survey 

2. 1 This chapter outlines the output and capacity of the UK pressure vessel industry. 
It is based mainly on the postal survey (pilot, short and revised long questionnaires 
taken together) but for some points of interpretation draws on the results of the 
interviewing programme. Details of the numbers of questionnaires sent out and 
returned are as follows. 

Z2 The master Ifet of UK companies that might fabricate pressure vessels was com- 
piled from the following sources : 

companies returning output of pressure vessels and related products in the 1963 
Census of Production; 

companies returning output of mechanical and electrical engtneering products under 
the following statistical headings (Ministry of Technology): 

19 Water-tube boilers 

20 Shell boilers and boiler-house plant 

21 Chemical plant 

22 Iron, steel and non-ferrous metal works plants, other than rolling mills 

23 Other industrial plant and fabricated steel-work; 

Kompass trade directory; 

lists from trade associations (TIPA and BCPMA); 

Lloyds list of registered Class 1 fabricators; 
miscellaneous (trade journals, personal contacts, etc.) 

2.3 Three questionnaires were prepared, and the numbers sent and returned were as 
follows: 

(a) pilot questionnaire, sent to a random sample of 50 companies (constant sampling 
fraction) and a selection of the companies interviewed in August, 1967; 

Number sent ... 61 

Returns . . . . 50 (82%) of which: Positive . . 27 

Negative . . 23 

(b) revised long questionnaire (sent to a purposive selection of important pressure 
vessel fabricators). 

Number sent ... 29 

Returns . . . . 24 (83 %, all positive) 

(c) Short questioimaire (sent to the rest of the companies on the master list). 

Number sent . . . 1,043 

Returns .... 912 (88%) of which: Positive . 215 

Negative . . 697 
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^Positive’ returns were defined as those from companies that had made pressure vessels 
wi thin part or all of the period 1961-66 (not all necessarily had any output of pressure 
vessels in 1966). 

2.4 Two important points should be noted in regard to interpreting the tables and 
figures: 

the survey has effectively taken a ‘snai^ot’ of the industry during one year only 
(1966). Th«e is no means of knowing what differences in the pattern there would be 
if another year were takrai ; 

the tables and figures necwsarily relate only to the companies that returned question- 
naires and were able to give the relevant information. Tlw numb^ of returns included 
therefore vari^ between analyses of individual aspects but in general the analyses 
are based on actual returns from compani« estimated to account for betweai 70% 
and 90% of pressure vessel output in 1966. 



UK pressure vessel output: 1966 

2.5 Fig. 2(1) gives the industry’s output and capacity as returned on the question- 
naires togethCT with estimate for the industry as a whole. The same data is also given 
in Table 2(1) in view of its importance for the economic survey. 

TABLE 2(1) 



On^ut and capacity of the UK pressiue vessel industry, 1966 (£M) 





As returned 
on 


Percentage 


Adjusted 




questionnaires 


additions 


estimate 


SHOP-BUILT OUTPUT 


£M 


+20% 


£M 


Pressure vessels 


29*1 


34-9 


Heat exchangers 


9-7 


+14% 


IM 


Tanks 


8-9 


+31% 


11-7 




47-7 


+21% 


57-7 


Other heavy fabrication 


65-3 


+19% 


77-5 


Total outiHit, heavy febrication shop 


113'0 


+20% 


135-2 


Spare capacity 


9 


+22% 


11 


TOTAL SHOP CAPACITY 


122 


+20% 


146 


STTE-BinLT 




+ 0% 


6-5 




6-5 


Tanks 


9-5 


+ 0% 


9-5 




16-0 


+ 0% 


16-0 
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160 



As Returned on 
Questionnaires 




48- 



65.3 



8.9 



9.7 



29.1 



77.5 



11.7 



H.1 



34.9 



f Total sho p capacity and 
162= L site-fauilt out put: 

“ Tanks (site-built) 

- Pressure vessels (site-built) 
* { Total sho p ca pacit y : 

- Spare capacity 

( Total output of heav y 
fabrication sho os: 



Other heavy 
fabrication 



58 "I Totaloutputofshop-built: 

- Tanks 

- Heat exchangers 



~ Pressurevessels 



(Note : The figures in the second column are weighted to 
allow for non-response and for 28 fabricators who 
were unable to give the value of their output in 
1 966. It is thought that the major companies 
specialising in site-work all returned questionnaires 
and these figures have not been adjusted.) 

Fig. 2(1). Estimated output and capacity of the UK pressure vessel industry 1966 
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Procedures to obtain adjusted estimates for ou^ut data 

2.6 The wei^ting procedure iised to allow for non-response and fabricators unable 
to give output figures is as follows. 

2.7 The outputs of pressure vessels, heat exchangers and tanks were adjusted according 
to the source of the ‘as-returned’ data. Thus for the pilot and revised long questionnaires : 

for the large companies not replying, individual estimates of output were made, 

for some of the smaller companies enough information was available for individual 
estimates also to be made, 

for the remainder, average output figures were applied, based on the total number of 
238 fabricators who replied and were able to give output figures. 

For ^e short questionnaires, the pressure vessel average regional output figures were 
obtained from the positive replies and applied to companies unable to give output 
figures and to the estimated numbers of fabricators among non-respondents. The 
details are shown below: 





Total 

non- 

respond- 

ents 


Estimated 
no. of 
fabricators 
in non- 
respon- 
dents 


Respon- 

dent 

companies 
but with 
unknown 
output 


Total 
no. of 
com- 
panies 
to be 
added 


Average 
output of 
respondent 
companies 
—£’000 


Total 
regional 
allowance 
added 
— £M 






(a) 


(b) 


(a+b) 


(C) 


(a4-b)xc 


Scotland 


19 


4 


7 


11 


51 


0-6 


Northern 


11 


2 




2 


25 


O-I 


North West 


27 


6 


1 


7 


59 


0-4 


Yorkshire and Humberside 


11 


3 


4 


7 


59 


0-4 


East Midlands 


8 


2 


1 


3 


29 


0-1 


West Midlands 


20 


4 


5 


9 


51 


0-5 


Wales 


1 


_ 




— 


30 





East Anglia 


3 


1 


2 


3 


57 


0-2 


South East 


31 


5 


4 


9 


75 


0-7 


South West 


— 


— 


2 


2 


30 


0-1 


Northern Ireland 


— 


— 


— 


„ 


— 


- 


UNITED KINGDOM 


131 


27 


26 


53 


57 


3-1 



Also for the short qu«tionnaire, the tank and heat exchanger average output figures 
were obtained for the 189 fabricators who replied and w^e able to give output figures. 
These were then applied to the estimated number of non-req>ondent fabricators and 
to the fabricators who replied but wctc unable to give figures. The assumption was also 
made that the output figures for pressure vessels, heat exchange and ranlfs given in 
the short qu^tionnaires all related to shop-built output; as no distinction was inarfp in 
the short questionnaires between shop- and site-work. The shop-built figures therefore 
are likely to contain an dement of site-woric, but this is thought to be insignificant. 
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2.8 The total output from the heavy fabrication shop was obtained as follows. For 
fabricatois able to give pressure vessel output figures, but not the output of the whole 
shop, average shop output figures were used based on pressure vessel output groupings. 
Nearly all the fabricators returning the short questionnaire were in pressure vessel 
output groups I and II, and a combined average shop output figure for these groups was 
used for other fabricators returning short questionnaires (nil or unknown vessel 
output) and for the estimated number of non-respondent fabricators. For fabricators 
not returning the pilot and revised long questionnaire average output figures were used 
based on the total number of fabricator returns in the survey as a whole. For a definition 
of output groups I and II see paragraph 3.6. 



Accuracy of the output data 

2.9 It is not possible to say precisely what is the error in these data. Some fabricators 
will have been omitted altogether from the lists used in the survey and there is no 
means of estimating how important such a short-fall may be. It should be noted, 
however, that more small companies than large ones are likely to have been omitted. 
Moreover, any short-fall in the figures is likely to be larger for tanks and heat exchangers 
than it is for pressure vessels for the following three reasons: 

while a comprehensive coverage of heavy fabrication shops was attempted, the whole 
emphasis in the survey, and the accompanying publicity, was in locating pressure 
vessel producers; 

questions 1 and 2 in the questionnaires will have eliminated from the survey all 
companies not producing vessels in the period 1961-66; 

the incentive to reply was not so great for tank and heat exchanger specialists as it 
was for pressure vessel producers; the weighting procedure used assumed broadly 
that the same proportions of non-respondents produced vessels, heat exchangers 
and tanks as was respectively the case for the respondents, and that their average 
output of these products would be the same as for respondents ; this could be an 
over-estimate for pressure vessel producers and an under-estimate for tank and heat 
exchanger fabricators. 

2.10 There is a second source of error contained in the questionnaires themselves. 
Many of the output figures given are estimates and it is impossible to know how 
accurate companies’ estimates have been, although a proportion of the errors will be 
self-cancelling. Some large companies could only indicate the range within which their 
output fell and for them the mid-points of the ranges have been taken. For some other 
large companies who returned incomplete questionnaires or made no return at all, 
estimates of output have been made based on other information about these companies. 

Zll Thus the output estimates are h'able to a substantial error, at least ±10% for 
pressure vessels and greater for the other categories. The figures for pressure vessel 
output are likely to approximate to the true industry total, but for tanks, heat exchangers 
and the heavy fabrication shop as a whole should be regarded only as estimates of 
output in these categories in 1966 by pressure vessel producers. The extent to which 
they represent industry totals will depend on the importance (which we do not know) 
of pressure vessel producer in each of these output categories. 



Numbers of fabricators and potential fabricators in 1966 

2.12 The numbers of pressure vessel, tank and heat exchanger fabricators revealed 
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by the survey confirm that the returns essentially give a picture of the pressure vessel 
industry. Of the 266 companies making positive returns (i.e. companies that had made 
pressure vessels in the period 1961-66): 

242 (91 %) had some output of pressure v^sels in 1966, 

187 (71 %) are thought to have had some output of t anks in 1966, 

123 (46%) are thought to have had some output of heat exchangers in 1966. 

2.13 Of the companies returning questionnaires that said they had not made vessels 
in the period 1961-66, 125 had a heavy fabrication shop which they considered stiitable 
for producing v^sels. When this figure is taken together with the estimates of the 
number of fabricators who failed to reply to the survey the conclusions are: 

there were some 310 pressure vessel fabricators in the UK in 1966, of whom some 
90% had vessel orders; 

a further 125-150 companies considered that they had production facilities suitable 
for vessels but had shown no interest in the market for some years. 



Trends in the number of pressure vessel fabricators 

2.14 The above numbers are ^timates for 1966. The factors illmtrating the trend in 
the number of fabricators are as indicated in the following two paragraphs. 

2.15 Table 3(2) shows that about a fifth of those returning the questionnaires had 
come into the industry in the ‘sixties’. These were predominantly small produces in 
1966; most of the large fabricators in that year had been in the industry for at least 20 
years. The same table shows that only 3 % of fabricators plan a future decline in pressiue 
vessel output, while three-quarters hope their output will increase. Taken together, these 
figures suggest that the number of fabricators is increasing fairly rapidly. 

2.16 Further evidence of the growing number of fabricators came from the inter- 
viewing programme. Several new entrants were seen, both large and small; these were 
medium and heavy engineering companies whose traditional business had declined or 
vanished (structural steelwork, boilers, gas holders, tar stills, water filter shelves), or 
had been taken over by their clients (car radiators) or simply become more competitive 
(heat exchangers). Other companies still had spare capacity in fabrication shops set up 
to supply platework for their machinery products. All these had entered the pressure 
vessel field because they considCTed it was a growth market. 



The capacity of existing fabricators 

2.17 A further process of diversification and change was going on within the pressure 
vessel market itself. The great importance of a few clients and a few Industrie in this 
field, all with spasmodic buyii^ programmes, meant there were sharp fluctuations in 
the types of vessels wanted as well as in the total volume of orders. Sev^al companies 
visited had at one time relied largely on the Gas Council or the Central Electricity 
Operating Board for their business and were in great diflSculties when, for example, 
expenditure on gas reforming plants or nuclear power stations ceased or came to a 
temporary halt. Some of the companies visited had been through very bad periods in 
whidi they had nearly gone into liquidation, and some were continuing in poor straits. 
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As a result, companies were found diversifying from heat exchangers into pressure 
vessels and from pressure vessels into heat exchangers; from mild steel to special steels 
and from special steels to mild steel; from medium to heavy vessels and from heavy to 
medium: in each case on the grounds that the prospects in the new field were better 
than those in their existing field. 

2.1 8 As part of this process of diversification, some fabricators were expanding their 
production capacity by reorganisation, adding new machines or even buOding new 
shops. 

2.19 Other important factors affecting pressure vessel fabricators’ capacity were the 
trends in demand for their other products, which in 1966 accoxmted for about half of 
their shop output. Figure 2(2) gives fabricators’ commitment to the other products 
listed on page 1 of the questionnaires, bringing out the importance of tanks, boilers, 
furnaces and kilns, iron and steel works plant, mining equipment and other, unspecified 
types of plate-work. Some of the listed products are known to have had declining 
prospects in recent years (boilerwork, atmospheric pressure gas holders, shipbuilding). 
For interest, the available output figures are given in Table 2(2) where it can be seen 
that, apart from switch-gear and control-gear, all the products listed had a fairly 
sluggish sales trend in the period 1960-64. 



1* 
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FABRICATORS FOR WHOM PRESSURE 
VESSEL PRODUCTION ISA 
PRINCIPAL OR SECONDARY 
ACTIVITY 

(183 of this type) 

200 100 



200 



183 



120 



27 

34 

24 

(9) 

( 8 ) 



37 



46 



( 10 ) 



128 



100 



FABRICATORS FOR WHOM 
PRESSURE VESSEL PRODUCTION 
IS AN OCCASIONAL ACTTVITY 



(72 of this type) 

too 



72 



25 

( 2 ) 

(5) 

1 ( 13 ) 

( 6 ) 

(8) 



(3) 

(3) 



100 



THE ACTIVITIES: 



200 



PRESSURE VESSELS AND 
HEAVY HEAT EXCHANGERS 

TANKS 

WATER-TUBE BOILERS 
SHELL BOILERS 
FURNACES AND KILNS 

HEAVY ELECTRICAL 
EQUIPMENT 

SHIPBUILDING 

IRON AND STEELWORKS 
PLANT 

MINING EQUIP. B 
MATERIALS HANDUNG 
PLANT 

ATMOSPHERIC PRESSURE 
GAS HOLDERS 

DOCK AND HARBOUR 
EQUIPMENT 



OTHER PLATE WORK 



”i3o 



Fig. 2(2). Numbers of pressure vessel fabricators recording other products as a {mncLpal or 
secondary activity in their heavy fateication shops 
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TABLE 2(2) 

Total UK deliveri^ of heavy fabrication work at current prices 





Mining machinery 


Mechanical 
handling equipment 


Water-tu 


)e boilers 




£M 


Index 


£M 


Index 


£M 


Index 


1960 


46-0 


100 


86-9 


100 


57-2 


100 


1961 


53-6 


117 


97-5 


112 


56-4 


99 


1962 


49-7 


108 


107-2 


124 


63-4 


111 


1963 


52-8 


115 


102-6 


118 


59-3 


104 


1964 


56-3 


121 


110-3 


116 


63-1 


110 


1965 


54-9 


119 


118-3 


136 


81-2 


142 


1966 


61-2 


133 


132-5 


153 


91-7 


160 


1967 (prov.) 


69-8 


152 


130-9 


151 


86-5 


151 





Shell boilers and 
boilerhouse plant 


Iron, steel and non- 
ferrous metal works 
plant(excl. rollingmills) 


Generating plant and 
rotating electrical 
machinery 




£M 


Index 


£M 


Index 


£M 


Index 


1960 


30-8 


100 


26-3 


100 


134-2 


100 


1961 


32-6 


106 


34-1 


130 


140-6 


105 


1962 


31-3 


102 


31-1 


118 


141-5 


105 


1963 


31-0 


101 


29-3 


111 


135-9 


101 


1964 


32-6 


106 


37-6 


143 


138-5 


103 


1965 


36-3 


118 


34-3 


130 


147-0 


110 


1966 


48-1 


156 


36-7 


139 


156-0 


116 


1967 (prov.) 


47-1 


153 


37-1 


141 


160-6 


120 





Transformers for 
lighting, heating 


Switchgear and 




and power 


control gear 




£M 


Index 


£M 


Index 


1960 


43-0 


100 


115-8 


100 


1961 


48-5 


113 


131-1 


113 


1962 


53-8 


125 


134-1 


116 


1963 


54-6 


127 


137-2 


119 


1964 


64-5 


150 


155-9 


135 


1965 


65-7 


153 


172-9 


149 


1966 


69-1 


161 


197-9 


171 


1967 (prov.) 


62-7 


146 


199-5 


172 



2.20 The interviewing programme and the results of Table 3(2) confirm that many 
companies were pinning their hopes on pressure vessels rather than alternative products. 
While unable to achieve reasonable current levels of orders or profits, or to see an 
improvement in their situation in the short-term, many companies took the view that 
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pressure vessels, being tied so clcwely to the fast-growing chemicals industry, must be 
the most promising fabrication product. Some other companies, however, considered 
that better prospects lay with high technology products, whether in the pressure vessel 
field or outside it, and some of these specifically hoped they would find market (impor- 
tunities of this type outside the pressure vessel field, with its fluctuating order pattern 
and surplus manufacturing capacity. These tended to be the lar^ and more sophis- 
ticated companies. 

Z21 Finally, capacity was afiected by the productivity of the men and mflrhtnftg 
employed in the industry. It is simply noted here that the faults of the survey suggested 
both that there is scope for raising furth» the productivity of certain BritMi fabricators 
and that some fabricators were now undertaking measures which should improve their 
productivity and shop throughput times 



CoDcdnsKHis (« output and capadty 

2.22 The trend that emei^ed was of a growing number of relatively small producers 
of pressure vessels, each trying to achieve some security by making a fairly wide range 
of products. This was possibly more important in the ove^l nmrket situation than the 
opposing trend to specialisation which was found in some companies. Such companies 
specnalised by concentrating on a narrow range of products so as to c:ut costs and in- 
crease competitiven^s. Flexibility or diversification of some kind was an inevitable 
answer to uncertain and fluctuating markets. The important questions are whefiier the 
cjompanies in the industry are likely to be economically or technically viable units; 
whether there is scope or need for furtho* specialisation; and whethCT capacity fca’ hi^ 
technology vessels is adequate. 

2-23 The survey strongly suggests that for some time capacity has been growing faster 
than demand. Table 3(2) shows wide dissatisfaction with recent profit levels, par- 
ticularly among the larger companies. Many long-established fabricators visited 
complained of a drastically falling profit trend, levels of 10-20% in the ’fifties being 
compared with low or non-existent profits in the ’sixties. These complaints were ma<te 
about beat exchangers and both mild steel and sjiedal vessels. 
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The regional distribution of vessel ou^nt 

3.1 The regional distribution of output has been estimated for shop-built pressure 
vessels and the figures are suimnarised below: 



Estimated regional distribution of shop-built pressure vessel output, 1966 





Number of fabricators 


Output 




Number 


% 


£M 


% 


Scotland 


33 


11 


3-8 


11 


Northern 


25 


8 


3-6 


10 


North West 


46 


15 


3-3 


9 


Yorkshire and Humberside 


47 


15 


5-1 


15 


East Midlands 


25 


8 


2-8 


8 


West Midlands 


44 


14 


6-6 


19 


Wales 


6 


2 


0-2 


1 


East Anglia 


4 


1 


0-5 


I 


South East 


69 


22 


8-7 


25 


South West 


10 


3 


0-3 


1 


Northern Ireland 


1 


— 


— 


— 


UNITED KINGDOM 


310 


100 


34-9 


100 



An outline map of the UK is given in Fig. 3(1) showing the Economic Planning Regions 
which were used as the basis for the regional analysis in the survey. 

3 .2 Table 3(1) contains the output of the 35 fabricators returning pressure vessel sales 
of over £200,000, analysed by the regional distribution of the fabricators and the 
maximum weight of vessel they can build. 
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ECONOMIC PLANNING REGIONS 



A. Northern 

B. Yorks ond 
••umbersidft 

C. East Midlonds 



D. East Anglia 

E. South Eost 

F. South West 

G. West Midlands 

H. North West 



Boundaries of Cconomtc 
Planning fiegions 

Offices of Economic Planning 
Councils and Boards 



Development Areas 

Within these boundaries 
the development of offices i 
strictly controlled 

^ NORTHERN IRELAND* 




*The Northern Ireland Government set up an Economic Council in December. 
1964, and has its own scheme of inducements to industry. There is continuing 
liaison with the United Kingdom Government on regional development policies. 

Fio. 3(1). Outline of the UK showing the Economic Planning Regions 
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CHAPTER 3 UK SUPPLY: STRUCTURE 



Distribution of lubricators by shop-built pressure Tessel output groiq) 



3.3 Throughout the present analysis of the UK pressure vessel industiy, reference will 
be made to fabricators according to their ‘shop-built pressure vessel output’ Group. 
By this is meant the range of shop-built iwessure vessel outputs into which the output 
of any one company fell (during the complete year 1966) as returned on the question- 
naires. For brevity these are called PV Output Groups and are defined as follows: 



PV Output Group L 

n. 

HI. 

IV. 

V. 



£1 to £50,000 
£50,001 to £200,000 
£200,001 to £500,000 
£500,001 to £1M 
Over £1M 



3.4 A detailed analysis of the questionnaire returns on the basis of PV Output Group 
is given in Table 3(2). It may be noted that, because of the small number of companies 
with pressure vessel outputs greater than £^M, Groups IV and V have been amalgam- 
ated in this table. The term ‘shop-built pressure vessel’ excludes, obviously, both 
‘shop-built heat exchangers and tanks’ and ‘site-built pressure vessels, heat exchangers 
and tanks’. 

3.5 Some trends are apparent from the PV Output Group characteristics listed in 
Table 3(2): 

the relative importance of pressure vessels increases with their absolute importance; 
the companies specialising in pressure vessels have generally been building them much 
longer than the non-specialists; 

the pressure vessel production of most companies has increased from 1962 to 1966. 
Only Group I, the smallest, seems to have failed to have had a general increase; 

all Groups seem to assume an increase in production of pressure vessels in the future 
despite the indications of poor profitability; 

satisfaction with profitability of pressure vessels decreases as pressure vessel output 
increases, although output per man increases as output increases. This unexpected 
finding is, however, supported by the observations of J. M. Samuel and D. Smyth 
(Economics, May 1968) that average profitability on companies’ net assets decreases 
as the size of the companies’ net assets increase, the results being based on a sample 
of 186 UK companies over the ten year period 1954-63; 

the average number of workers in the heavy fabrication shop increases sharply from 
Group I to V, suggesting that smallness in pressure vessels is generally associated 
with smallness in other heavy fabrication activities; 

the value of output per man-year increases as the output of pressure vessels increases, 
suggesting higher productivity in larger companies and that pressure vessels represent 
the most costly type of heavy fabrication (the increase is too substantial to be ex- 
plained by higher prices for the same products). 
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TABLE 3(2) 

Characteristics of UK fabricators by ‘PV Output Group’ 



TOTAL 


VO c^ 

so cn 


1 


'n® rj — O rd VI tj- Vi 

^ ^ ^ ^ 

o i-Hsov>os\oo rd 


Shop-built PV 1 
output 
nil 


24 

2 

22 


1 


so r*^^osoo<0\oo o\ 
oS ^ ^ ^ 

O fsj 

Z 


Shop-built PV 
output 
not known 


28 

2 

26 


1 


so OOOOOTtOOOO VJ 

0^ V» S-I 


IV &V 
£500,00H- 


-H SO 1 


OO 


1 1 1 1 1 1 1 


III 

£200,001-500,000 


^ «n 1 
<N 1 




so m SO »n «-< v> 1 1 -H 

oS ^ 1 ^ 

O O m ^ rd 1-H 1 <s 

;zi ‘ 


II 

£50,001-200,000 


57 

5 

52 


30% 


S? rd fN O I SO 

X rd so OS VI r- i ro 

jZ; rd 1 


I 

£1-50,000 


ra r’* 1 vs 

<N 




d — -< 

Z 


Shop-built 
PV Output Groups : 


Total number of returns 
—from which deduct pilot 
returns (1) 

Base used for percentage in 
table= 


Average % PV output to HFS 
total output 


Slart of PV production 
Pre-1945 
1945-1949 
1950-1954 
1955-1959 
1960-1964 
1965-1967 

Other answers/blanks 
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APPENDIX F 



Distribution of fabricators by size of pressure vessel output 

3.6 Fig. 3(2) shows fabricators* returns of output and capacity analysed by the shop- 
built presstire vessel output groups defined above. The main points are su mm a r ised 
below. 

3.7 PV Output Groups I and II together and PV Output Group V, each accounted 
for some 30% of output, and companies with an output of between £200,000 and 
£1,000,000 for the remaining 40%. In more detail: 



Output of shop-built pressure vessels, 1966 



Output group 


£M 


% 


I. £1-50,000 


2-2 


S 


n. £50,-200,000 


6-2 


21 


m. £200,-500,000 


7-7 


25 


IV. £500,-1,000,000 


3-7 


13 


V. £1,000,000-1- 


9-4 


32 


TOTAL 


29-1 


100 



3.8 Twenty-four fabricators (9% of the pressure vessel fabricators returning the 
questionnaire) had no vessel output in 1966. Some noted on their returns that they could 
get no orders. Only one planned a decrease in future vessel ou^ut (Table 3(2)). 

3.9 Output of pressure vessels and heat exchangers accounted for a high proportion 
of heavy fabrication shop output in 1966 for the two largest output groups (over 
£500,000) and none of these companies had spare capacity in that year. The output of 
the 11 largest companies making returns may therefore be taken as close to their 
capacity in 1966. The figures are outlined below (see page 40); 
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CHAPTER 3 UK SUPPLY! STRUCTURE 



NUMBER OF FIRMS 




SW : SJT£ ERECTED VESSELS AND TANKS 



SITE-WORK 



□ 



SC : SPARE CAPACITY IN HEAVY FAB’N SHOPS 
HFS : OUTPUT OF HEAVY FABRICATION SHOPS 



} -SHOPC^PACITvIljl 



T : TANKS 

HE : HEAT EXCHANGERS 
PV : PRESSURE VESSELS 



> 



SHOP-BUILT 




Fig. 3(?). OuQ>ut and capacity of the UK jaessure vessd industry in 1966 (as retomed^on. 
questionnaires, analysed by shop-built {pressure vessel output groiq>s) 
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APPENDIX F 



Returned output in 1966 





Compani 


es with shop-built pressure vessel 
output of 


£200,001- 

500,000 

£M 


£500,000+ 

£M 


£200,000+ 


£M 


% of returns 
from all PV 
Output 
Groups 


Shopbuilt 
Pressure vessels 
Heat exchangeK 
Tanks 

Total 

Other heavy fabrication 

Total HFS 
Spare capacity 

TOTAI. SHOP CAPACrry 

Sitework 


7*7 

1-3 

1-0 


13-1 

5-1 

1*0 


20-8 

6-4 

2-0 


71 

66 

22 


10-0 

22-5 


19-2 

5-3 


29-2 

27*8 


61 

43 


32*5 

1-9 


24-5 


57-0 

1*9 


50 

21 


34-4 


24-5 


58-9 


48 


0-7 


12-8 


13*5 


84 



The impiHlance of pressure eessels in heaey fabrication shop output 

3.10 Figs. 3(3) and 3(4) show the distribution of companies and of shop pressure vessel 
output according to the relative importance of pressure vessels in heavy fabrication 
shop output. The picture that emerges is as follows: 



Pressure vessels as 

% heavy fabrication No. ofcong>anies Pressure vessel 



shop output 

No. 



Up to 10% 


74 


11-20 


35 


21-30 


15 


31-40 


21 


41-50 


12 


51-60 


10 


61-70 


10 


71-80 


12 


81-90 


9 


91-100 


7 


TOTAL 


205 



output 



% 


£M 


% 


36 


2*1 


7 


17 


3-1 


11 


7 


1*1 


4 


10 


3-5 


12 


6 


1-9 


7 


5 


1*4 


5 


5 


4-0 


14 


6 


2-7 


10 


4 


4-4 


16 


3 


3-9 


14 


100% 


£28- IM 


100% 
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PRESSURE VESSEL OUTPUT AS % OF H.F.S. OUTPUT 
KEY: PV Output Group in 1966 



□ 



1 50,000 I 



£50- 

200/>00 




Fto. 3(3). VK numbers of fabricators returning questionnaires (analysed by shop-buflt pressure 
vcssd output groups and percentage of pressure vessd output to total output of the heavy 
fabrication shop) 
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KEY: PV Output Group in 1966 



u 



XJO- 

200,000' 






1500- 

i,ooopoo' 



Fig. 3(4). UK output of shop-built pressure vessels in 1966 (as returned on questionnaires, 
analysed by shop-built pressure vessel output groups and percentage of pressure vessel output 
to total output of the heavy fabrication shop) 
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o 




Nvnbcrs of PV 
fabricators making 
beat cxchanjcrc 
TOTAL =9* 



PRESSURE VESSEL OUTPUT AS % OF H.F.S. OUTPUT 



(note; * = 2 snoll divisioni 

PV output group > — £2000 
PVoutput group 2 = £2000) 



KEY—PV Output Grovp in 1966: 



I | u- 

I Iso.otFO UJJJJm 



£200 

500.000 






£500- ^ 
1 . 000 , 000 : 



£t, 000, 000 + 



Fig. 3(5). Output of heat exchangers in 1966 (as returned <mi questionnmres, analysed by shop- 
buat pressure vessel output groups and percentage of pressure vessel output to totiU output of 
the heavy fabrication shop) 
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KEY - PV Output Group in 1966 




£ 50 - 

200,000 



/j£l,000,000+ 



Fig. 3(6). Output of shop-built tanks in 1966 (as returned on questionnaires, analysed by shop- 
built pressure vessel output groups and percentage of pr^sure vessel output to total output of 
the heavy fabrication shop) 
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3.11 The 49 companies (24% of those giving the relevant information) for whom 
pressure vessels accounted for 50% or more of their heavy fabrication shop output 
produced £16-4M of shop vessels in 1966, 59% of the total returned on the question- 
naires. These companies whose prosperity depended heavily on pressure vessels, were 
divided by output group as follows: 



Pressure vessel 
output group 



L £1-50,000 
n. £50,-200,000 
m. £200,-500,000 

IV. £500,-1,000,000 

V. £1,000,000-1- 

TOTAL 



No. of companies 

% of total 



No. 


in group 


10 


20 


22 


46 


9 


18 


2 


4 


6 


12 


49 


100 



Pressure vessel 
output 

% of total 



m 


in group 


0*3 


2 


2-3 


14 


2-7 


16 


1-4 


9 


9-7 


59 


£16-4M 


100% 



3.12 Figs. 3(5) and 3(6) show fabricators’ returns of output of heat exchangers and 
shop-built tanks in 1966 analysed in the same way as for Fig. 3(4), so that the corre- 
sponding columns in these three output charts all relate to the same companies. It can 
be seen that most tank and heat exchanger output by pressure vessel fabricators is 
accounted for by those for whom pressure vessek represent a minor part of shop 
output. The relation^p between tank and heat exchanger output and absolute size of 
pressure vessel output is summarised below: 

Pressure vessel Heat exchanger output Tank output 

output group 

No. of No. of 





companies 


£M 


% 


companies 


£M 


% 


I. £1-50,000 


45 


2-2 


29 


91 


3-3 


40 


II. £50,-200,000 


29 


1-3 


17 


43 


2-8 


34 


m. £200,-500,000 


15 


3*0 


40 


14 


1-4 


17 


IV. £500,-1,000,000 


4 


0-9 


12 


4 


0-3 


4 


V. £1,000,000+ 


1 


0-1 


1 


2 


0-4 


5 


TOTAL 


94 


7-5 


100 


154 


8-2 


100 



The table shows that companies whose pressure vessd output was bdow £200,000 accoun- 
ted for three-quarters of tank ontput by vessel fabricators, but less than half of heat 
exchanger out^t. 



3.13 A final subjective indication of the importance of pressure vessels to companies 
is given by the analysis in Figs. 3(7) and 3(8) of their answers to the que^on whether 
vessels were a principal, secondary or occasional activity of the heavy fateication shop. 
Fig. 3(7) shows that the numbers of answers were divided fairly evenly between ‘prin- 
cipal’ on the one hand and ‘secondary’ or ‘occarional’ on the other, but Fig. 3(8) shows 
that some 80% of output in 1966 was accounted for by those claiming pressure vessel 
fabrication as a principal activity. It should also be noted that some of the latest 
producers classed pressure vessel fabrication as only a secondary activity. 
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APPENDIX F 




IMPORTANCE OF PRESSURE VESSEL OUTPUT 



KEY - PV Output Group, 1966 : 






HOT 

KNOWK 



Fig. 3(7). Niwibers of fabricators returning questionnaires (analysed by shop-built pressure 
vessel output groups) and importance of shop pressure vessel output to the company 
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OUTPUT (£M) 



CHAPTER 3 



UK supply: structure 




KEY: PV Output Group in 1966 




£ 50 , 000 - 

200.000 



£ 200 , 000 - 

SQO.OOO 




£ 500 . 000 - 
1. 000.000 




£ 1 , 000 . 000 + 



Fig, 3(8). Output of skajhbuilt pressure vessels in 1966 (as returned on questionnaires, analysed 
by shop-built pressure vessel output groups and in^rtance of shop pressure vessel output to 

the company) 
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NUMBER OF FABRICATORS 



APPENDIX F 



I 60 



140 



100 














M 






51-75 


76-100 



1-25 2S-50 51-75 76'100 101-125 

IWAXIIVIUM CRANE LIFT ,( TONS ) 



KEY: py Output Group, 1966 



□ 



L I - 
50.000 



150- 

200,000 



• 1200- 
] 500,000 






£500- 

1.000,000 I 



31 1.000,000 1 



Fig. 3(9). Numbers of fabricators returning questionnaires, analysed by shop-built pressure 
vessel output groups and maximum crane lifting power 
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KEY : Py Output Group in 1966 




£50,000- 
200, OOC 



■ £ 200 , 000 - 
500,000 




1500,000- 

1,000,000 




£ 1,000^04 



Fig. 3{10). Output of shop-built pressure vessels in 1966, (as returned on questionnaires, analysed 
by shop-buflt pressure vessel output groups atul maximam crane lifting power) 
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APPENDIX F 



Grange and the maximum weight of vessel that can be built 

3.14 Figs. 3(9) and 3(10) bring out the rather surprising fact that some of the largest 
producers of vessels in 1966 have very low cranage in their shops. Some companies ca^ 
of course, manufacture vessels much larger than their cranage would suggest. Details 
of maximum cranage are given below for the largest producers: 



Maximum crane 
lift in tons 



Up to 25 
26-50 
51-75 
76-100 
101-125 
126-1- 



No. of companies with 1966 
Shop-Built Pressure Vessel Output of 
£200,000- £500,000- £l,000,000-h 

£500,000 £1,000,000 

8 — 1 

7 1 1 

3 — 1 

4 2 — 

_ — 3 

2 1 — 



TOTAL 



24 4 6 



3.15 For the same companies (with shop-built PV output greater than £0-2M) the 
following table analyses the maximum weight of vessel companies said they could build 
(this information was asked only in the revised long questionnaire and was obtained by 
letter or telephone call from relevant companies returning other questionnaires). 
Certain differences are apparent: while 6 companies claimed to be able to move vessels 
of over 100 tons by crane, 15 companies claimed to be able to build vessels of this 
weight. The details are given below, analysed by the materials handled by the companies 
and an analysis of this information by region has already been given in Table 3(1). It 
may be noted in addition that altogether 11 companies (i.e. including companies with 
shop-built PV output less than £0*2M) reported cranage capacity of over 100 tons. 



Maximum weight 
of vessel that 
can be built 
(tons) 


No. of companies 


with shop-built pressui 


re vessel output of 


£200,000- 

£500,000 


£500,000- 

£1,000,000 


£1,000,000+ 


Mild 

steel 


Stain- 

less 


Both 


Mild 

steel 


Stain- 

less 


Both 


Mild 

steel 


Stain- 

less 


Both 


Up to 25 


— 


1 


2 


— 


— 


— 






1 


26-50 


— 


2 


4 




— 


— 


— 


__ 


1 


51-75 


1 


— 


2 


— 


— 


— 


— 


— 


— 


76-100 


— 


— 


4 


— 


— 


2 


— 


— 


— 


101-125 


— 


— 


1 


— 




1 


— 


— 


2 


126-150 


— 


— 


— 


— 





1 


— 




— 


151-175 


— 


— 




— 


— 


— 


— 


— 


— 


176-200 


— 


— 


2 


— 


— 


2 


— 


__ 


1 


201-300 


— 


— 


2 


— 


— 




— 


— 


— 


300 + 


— 




2 


— 


— 


— 


— 


— 


1 
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KEY— PV Output Group in 1966 : 



□ 



II- 

50,000 



150- 
ZOO, 000 



£ 200 - 

500,000 



£500- 

1,000,000 




£ 1,000,0001 



Fig. 3(1 1). Output of shop-built pressure vessels in 1966 (as returned on questionnjures, analysed 
by shop-built pressure vessel output groups and maximum thickness of mild steel the company 
can ^ge prepare, roll or bold, and weld without normally subcontracting) 
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APPENDIX F 



Maximum mild steel plate thicknesses 

3.16 Fig. 3(11) analyses shop pressure vessel output in 1966 by the maximum mild 
steel plate thickness companies can handle without sub-contracting some of the pro- 
duction processes. The chart is based on the number of companies answering the 
relevant question. From other questions it was apparent that many compames claimed 
to handle both mild and stainless steel and that some claimed ability to weld plates 
much thicker than they could roll or edge prepare. 

3.17 The chart also shows that, as some of the largest producers in the industry in 
1966 have very low cranage, so also they can handle only relatively thin plate. The 
summary table below includes separate analyses for the larger fabricators in 1966, for 
mild steel pressure vessels without sub-contracting. 



Maximum plate thicknesses for mild steel vessels without sub-contracting: 



Maximum 

plate 

thickness 


All PV Output Groups 


PVOut] 
(i.e. j 
tl 


>ut Groups III to V 
*V output greater 
lan £200,000) 


No. of 
companies 


% 


Output 

£M 


% 


No. of 
companies 


% 


Output 

£M 


% 


Up to 1" 


126 


66 


9-4 


34 


6 


21 


4-7 


23 


r 


34 


18 


5-4 


19 


6 


21 


3-6 


18 


3' 


12 


6 


31 


11 


6 


21 


2-9 


14 


4' 


8 


4 


3-5 


13 


4 


14 


3-2 


16 


5' 


3 


2 


1-6 


6 


2 


7 


1*6 


8 


6' 


















r 


1 


1 


2-9 


11 


1 


3 


2-9 


14 


8' 


2 


1 


0-3 


1 


1 


3 


0-3 


1 


r 


1 


1 


0-4 


1 


1 


3 


0-4 


2 


lO* or more 


3 


2 


0-8 


3 


2 


7 


0-8 


4 


TOTAL 


190 


100 


27-5 


100 


29 


100 


20-4 


100 
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Companies fabricating only in stainless steel 

3,18 Only 8 of the fabricators returning questionnaires specialise in stainless steel. 
Their total pressure vessel ouQjut in 1966 amounted to £1,280,000. More information 
about these companies is given below: 

Stainless steel vessel fabricators 
Maximum crane lift pressure vessel output group 
in tons II. £50,001- m. £200,001- 

£200,000 £500,000 

No. No. 

0-5 1 — 

6-10 2 1 

11-20 1 1 

21-30 1 I 

TOTAL 5 3 

(Pressure vessel output in 1966 by PV Output Group: 

Group n=£500,000; Group m=£780,000) 



Companies with large site-built output 

3.19 In contrast to the many fabricators with modest shop-built pressure vessel 
outputs, the site-built activities of companies returning the long questionnaire was 
concentrated being shared between 6 major companies (two companies in each of the 
shop-built PV Output Groups II, III and IV). These six companies were responsible 
for 98 % of the output of site-built pressure v^sels and tanks (spheres) in 1966 by die 
companies returning the long questionnaire. Of these, the three leading companies 
were responsible for 80% of the site-built output. 



Example of variation of orders received by fabricates: 1962-1967 

3.20 Ei^teen companies were able to provide a historic^ series of orders recdved 
rfnriTig the period 1962-67. It is based on a small number of fabricators (responsible 
for about one-third of the pressure vessel production) and the r^ult is not ^tistkally 
significant. However, the series is of interest as it illustrates the sharp fluctuations known 
to occur in the pressure vessel market and it is th^efore shown in Fig. 3(12). 



Trade associations and other groupings 

3.21 The membership of TTPA, the most important grouping of pressure vessel 
fabricators, espeaally in carbon steels, is 84 different companies. All the members are 
capable of produdng good quality, though not necessarily C2ass I fabricated, pressure 
vessels, tanlcR or heat exchangers, although for nearly half the monbership such activity 
may be secondary to another type of fabrication. 

3.22 Some 41 members of the BCPMA appear to be pr^ure vessel manufacturers 
of significance, and 26 members of BCPMA are also members of TIPA. 

3.23 Some 50 companies in the UK are on the Lloyds’ Class I list for pressure vessels ; 
of these 29 are memb^s of TIPA. 
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(JannJuneX2) 



Fig. 3(12). Orders for shop-built pressure vessels received by 18 companies in the UK, (1963 to 
first half 1967) 
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CHAPTER 4 



UK supply: commercial and technical factors 



4.1 In the course of the economic survey interviews held with some tiiir^-five 
fabricators to obtain a greats understanding of problems facing the pressure vessel 
industry and the causes of and possible solutions to these problems. These inten^w^ 
were designed to augment the quantitative data acquired from the questionnaires and 
to provide evidence upon which conclusions could be drawn with regard to the striKlure 
of the industry, management attitudes, production equipment, labour availability and 
labour relations, market orientation, marketing methods and the numerous other 
factors which go to determine the competitiveness of a particular sector. Th«e inter- 
views constitute the qualitative ‘supply’ evidence for the UK part of the survQf, and a 
full account is given in Annex C. 

4.2 A brief note on pressure vessel design standards and on inspection procedures is 
also given towards the end of the present chapter, and a full account is given in Annex 
D. 

4.3 Certain suggestions for change are made in this brief chapter which, if follawed, 
would, it is believed, have considerable repCTCussions on the industry and align it more 
with practice in most continental European countries. 



Personnel 

4.4 The management of much of the industry taids to be conservative and has not 
gMiMaUy shown the qualities necessary for the efBdent op«ation of current activities 
of companies or an awareness of the factors upon which decisions for the future should 
be based. A reason for this lies in the structure of the British heavy engineering industry. 
It is a long-standing industry resistant to change with many in-built attitudes in both 
management and labour. Because of this conservatism, th^e has been, a reluctance to 
search for radical alternative methods and polici« which are increasin^y needed. It is 
difficult to attract young engineering management potential due to the salary scales 
offered and the relatively limited career opportunities which the ^nall fabricating 
companies can offer. 

4.5 There is a short^e, except during the periods of almormally low demand, of 
skilled labour in the industry due to a number of factors: 

the nmrket fluctuations for pressure vessels have nece^tated the lay-off of skilled 
labour, which is then taken by other industries offering, at times, higher wages and 
frequently l^s arduous working conditions; 

it is hard to recapture this labour when pressure vessd den^nd picks up; 

the present demarcation f«:actice at the shop floor level of the relevant aigineering 
unions inhibits the most ^fici^t use of available skilkd labour; 

the insistence by the relevant unions that skilled labour dements can only be made 
up by men who have gone through the normal apprenti<»riiip sdiemes. 
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4.6 The specialisation of trades means that the plater generally cannot do the welder’s 
job and vice-versa. Pressure vessels are all dissimilar and since the work load fluctuates, 
the concentration of work in the heavy shop varies between plate forming and final 
assembly. Thus the amoimt of work available at any one time for each trade must vary. 
According to the rules of demarcation it is quite possible for one group of skilled men 
to be idle while the others cannot cope with the work load and are thus causing an 
artificial bottleneck. 



4.7 As most fabricators have union shops, the problems raised by demarcation are 
considerable. If this could be eliminated, it would contribute more than any other 
single factor towards increasing further the competitiveness of the UK pressure vessel 
industry. 



Sales and marketing 

4.8 The main customer for the pressure vessel fabricator is the chemical engineering 
contractor, althou^ 30%-40% of pressure vessel sales in the United Kingdom are 
estimated to go direct to final users. The buyers of pressure vessels normally issue 
requests for tenders to a large number of fabricators, specifying the vessel often to the 
point of a complete drawing. While some clients prepare complete drawings, others 
leave the details of the design to the fabricator, who may receive no more than a 
sketch. The buyer will normally use previous experience of fabricators as a guide in 
sending out requests for tenders. Price and delivery are almost invariably the criteria 
for the allocation of the order. 



4.9 The disbalance of supply and demand, which has characterised the market in 
pressure vessels during the past five years, has resulted in less competitive prices and 
long deliveries from the British industry in periods of high demand, together with 
imports from, principally, Italy. In the periods of low home demand, sharp competition 
between the British fabricators has resulted in price cutting and a low or non-existent 
profitability. The sharp market fluctuations have been unsatisfactory for both the 
pressure vessel industry and its customers. 

4.10 The success rates — ^ratio of orders received to tenders sent — of fabricators are 
very low and about 5% is not uncommon; more could be done by the chemical con- 
tractors and final users to use negotiated ordering and very limited tender. Negotiated 
ordering would be particularly helpful for big specialist fabricators by enabling them 
to plan their fabrication and development. The pressure vessel procm'ers could also 
Kisure that the engineering talent of a fabricator for a particular vessel was not over- 
looked by entirely commercial buying criteria. However, normal commercial factors 
will largely dictate buying policies. 



4.11 The selling methods of British pressure vessel fabricators consist largely of 
reminding the limited number of contractors and main final users generally of the 
existence of their company and specifically in the context of a particular potential order. 
Travelling salesmen are used, but the main emphasis is put on management or director 
level contacts with the customer. The salesmen of many British fabricators are rarely 
more than technicians in training, and compare unfavourably with the British engineer- 
ing sales agents of the leading foreign fabricators in their knowledge of design and the 
capacity and characteristics of their company’s fabrication shop. 
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4.12 Market research is virtually non-existent and the absence of knowledge of the 
process applications of pressure vessds means that fabricators do not have enough 
advance warning of changes in their market. 

4.13 With very few exceptions, British fabricators have not tried to achieve direct 
exports (i.e. other than through a British-based contractor) as an «^itial cushion to 
fluctuations in the domestic market. 



4.14 The design of pressure vessels can be dividwi between the ‘chemical’ — operating 
conditions, overall dim^sions, position of openings — and the ‘mechanical’ — the 
structural design and production drawings. The former should be the province of the 
customer (end-user or contractor) and the latter in the hands of the pr«sure vessel 
fabricator. 

4.15 Modifications to design by customer when fabrication has started constitute a 
serious loss of fabrication time. The fabricator is rarely able to recuperate the full losses 
from the customer. A system is suggested which would progressively (in time) fix more 
details of the design of a pressure vessel to coincide with the stages of pressure vessel 
fabrication. Any modification after each guarantee date should result in the fabricator 
being able to recuperate all or part of the additional costs involved. 



Estimating 

4.16 There is not enough screening of requests to tender and th^ could be changed 
through the definition by fabricatore of thdr shop specialisation. The basic estimating 
method is to list and cost materials, estimate the man-hours, by trade, involved in the 
vessel construction and add to the labour costs so calculated a block ov^ead of 200% 
or more. Target profit (normally 10-15%) is thsa added to the total. 

4.17 Considerable variations occur in the methods of defining and calculating direct 
labour; accuracy in the allocation of ov^heads varies according to the sophistication 
of the company. The accuracy in the labour input frequently leaves a lot to be desired, 
due mainly to a lack of real production figures and historical costs, and to an opposition 
from organised labour in many companies towards the introduction of work study. 



Procurement 

4.18 Most steel plate for pressure vessels is bought from the mills due to the variety 
of specifications and dimensions required. Delivery from the steel industr>' proved, 
particularly in 1966, to be a cause for delay in pressure vessel production, particularly 
for alloy and clad steel. 

4.19 A number of complaints were made by fabricators with r^ard to <Mects in 
steels such as laminations, inclusions or pittings. These frequently necessitated replace- 
ment and rOTiaking by the steel mill. The losses involved in finding an internal fault at 
an advanced stage of fabrication were so high that many fabricators undertook their 
own ultrasonic testing on plates. Many Continental steel mills, however, carried out 
ultrasonic testing tree at their worics wh«:eas British mills made an extra charge of 20 %. 
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4.20 Forged components liad been another reason for delays in the delivery of pressure 
vessels, and certain apparent areas for improvements in the pressure vessel industry 
appeared to apply to the forging industry. 

4.21 The supply of disked ends had been, at times, a significant cause of pressure 
vessel delivery delays, and was largely in the hands of a dozen specialist fabricators. 



Production 

4.22 The equipment in the British pressure vessel industry is generally comparable with 
that installed in the fabrication shops of other countries, although there are examples 
of better equipment in some foreign fabricators. The heavy fabrication industry in the 
United Kingdom has not been particularly profitable for a number of years and there 
has been an apparent shortage of capital for modernisation, although companies 
convinced of the need to modernise have always found the necessary finance. Some new 
equipment is under-utilised due to the often uneconomical size of production units and 
lack of effective study before the purchase of equipmOT,t. 

4.23 British shop layout, due to the age of many shops, is not usually laid out to suit 
the sequence of pressure vessel manufacture or the movement of heavy work pieces. 
On a given site, even for large companies, there is a preponderance of small shops 
rather than one or two large multi-bay shops. 



4.24 The planning and control of production, with some notable exceptions, is in- 
efiiciently organised in many companies. Planning systems showing the pre-production 
path and progress of the vessel according to the adopted plan are often inadequate and 
there is a low proportion of actual working time during the production of a vessel. The 
implementation of an efficient planning system has been made more difficult by a lack 
of flexibility in the use of the labour force due to demarcation; by flaws in steel plate 
necessitating rejection and replacement; by changes in design by the customer; and by 
delays inherent in the current inspection systems. 



Trade associations 

4.25 The main trade association representing the pressure vessel fabricator is the Tank 
and Industrial Plant Association (TIPA). This association acts as a forum for many 
pressure vessel fabricators. Some companies, on the other hand, belong to the British 
Chemical Plant Manufacturers’ Association (BCPMA) which covers pressure vessels 
as well as chemical plant in general. 

4.26 It would be useful if TIPA could widen its membership to cover all pressure 
vessel fabricators, particularly those working in stainless steel and non-ferrous metals, 
so that it could become fully representative. TIPA could play a valuable role in pub- 
licising the industry by publishing a booklet entitled, for example, “the British Pressure 
Vessel, Tank and Heat Exchanger Manual’, which would oblige the individual fab- 
ricators to define their production specialisation. TIPA could also provide a useful 
centralised market research service for the industry, particularly for the smaller com- 
panies who could not afford individually to support the costs of such a service. 
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Research and derelopment 

4.27 There is little fundamental and objective research among even the large fab- 
ricators. Development work is mainly concerned with new welding techniques and the 
welding of new materials. Most of the welding work is directly or indirectly connected 
with the British Welding Research Association and often consists of developing a new 
BWRA process to the production stage. Companies belonging to groups benefit from 
the advantages of centralised research services. 

4.28 The expenditure on research and development carried ont by the British pressure 
vessel fabricators was, in the opinion of the Battelle Institute, probably eqi^ to or 
greater than its foreign competitors. A greater degree of communication should exist 
in the industry to permit the fullest advantage to be taken of significant findings. 



Pressure vessel design standards and inspection procedures 

4.29 Design standards are concerned with both safety and good design practice. 
Inspection is concerned with current practice and can provide a valuable feed-back for 
modification of design standards. 

4.30 There is no explicit statutory obh'gation to use spedfied design standards or 
codes (BS or foreign) in the UK. Some degree of enforcement seems necessary, but legal 
backing acting directly on a design standard may be stifling to design standard modifica- 
tion. The bodies carrying out inspection virtually administer the design and inspection 
standards through their day-to-day interpretations and through the effect of their 
membership on the committees of BSI. There is, however, little feed-back of ideas into 
the design standards by this means, nor has BSI any statutory or other responsibility 
for the inspection organisations’ activities. 

4.31 Two quite different British standards are available in the UK; BS 1500 and BS 
1515. The former, like ASME Section VIII which it resembles in other ways, bases its 
design stress on the UTS. Modern engineering thought accepts that the UTS is a poor 
basis for design stress and that yield stress is more relevant. In practice, standards using 
UTS/4 for the room temperature design stress demand much higher thidmesses than 
standards using YS/1 ■ 5. 

4.32 BS 1515 is more advanced though less complete than BS 1500, but still takes the 
UTS into consideration. Accordingly, a standard including yield stress only, siKh as 
the German TUV, has a definite advantage in wall thickness when using advanced 
steels. It is only when the design stress is based on yield stress that advanced steels 
become economically interesting, and British competitiveness suffers as a direct result 
of the use of UTS orientated design standards. 
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CHAPTER 5 

UK demand: qualitative review 



5.1 The following brief chapter summarises qualitatively the significant pressure 
vrasel demand sectors and the likely changes in demand in each of the user SMtore 
studied. A full account is given in Annex E, and a tabular summary of the position in 
22 industrial sectors is given in Table 5(1). 



Mineral oil refining 

5.2 The more advanced vessels are; 

distillation columns 
pressures ; 200-250 psig 

dimensions : 7-14' diameter, up to 200' high 

temperature : up to 200°C 



platformers 

pressures 

dimensions 

temperature 

hydrocrackers 

pressures 

dimensions 

temperature 



400-500 psig 

15' diameter, 30-45' high 

up to 550°C 

this is a relatively new element in refineries 
1,500 psig increasing to 2,000 psig 
18' diameter, 60' long, wall thickness up to 8" 
about 400°C 



5.3 Special alloys are needed and whilst the UK has been able to deal with many 
vksels it has not always been possible to supply the materials and/or fabrication 
required for these special alloys. On the other hand some leading Japanese and German 
fabricators were advanced in the techniques of dealing with such alloys. 



5.4 In the longer term future, operating pressures, temperatures and unit sizes will 
tend to rise. Standardisation except for LPG storage tanks is not considered feasible. 



Town gas 

5.5 Future requirements for pressure vessels will mainly be for storage purposes. 
Typical examples are: 
high pressure gas holders 
pressure : 350 psig 

dimensions : 12' diameter, 192' long 

material ; mild steel with grade 32A the most popular 

butane bullets (for LPG) 

either : 100 ton capacity, 12' diameter, 70-80' long 

or ; 150 ton capacity, 15' diameter, 90' long 

pressure : maximum operating is 210 psig 

60 

Printed image digitised by the University of Southampton Library Digitisation Unit 



TABLE 5(1) 

UK demand for iwessure vessels: analysis of vessels and Itkdy technical trends in use 





Soap and detergents 


o 


o. 


_ep 

"o 




2 

■q 








J2 


Gelatine and adhesives 


o 


bo 

a 


2 

*a 












2 


OTHEI 


Polishes 




a 


a 




*S. 










Synthetic rubber 


o 


o 


1 pis 
ohg 




ols 

ohg 




pis 

ohg 






Brewing 




E 


•o 

cL 




00 

o 




2 

3 




2> 


SECONDARY 


Transport 




taB 

a 


a 




00 

■© 


H 

3 








Cement 




E 
















Pulp and paper 




E 
















Food and drink NES 


o 


E 


a 




00 

a 










Sugar refining 


o 


O 






00 

o. 








43 


Vegetable and animal 
oils and fats 


o 


8 


o. 




eo 

"o 








41 


Synthetic resins and 
plastics 




o 


*S. 




*o 




3 




43 


Coke ovens and coal 
tar products 


o 


o 


0.0 




00 

*0 








43 


cliem, pharmaceuticals, 
toilet prep. 




o 


•o 

a 




o. 




3 




cA 


PRIMARY 


Industrial gases 










00 ^ 
■a-g 


3, 




00 

3 


00 

4= 


Dyestuffs 




o 


pld 

ohd 




“Jo 

0.0 




00 

3 




-32 


Inorganic chemicals 


o 


o 


■Eo 


00 

o 


-•s 

O o 


M 

3 






43 


Fertilizers and 
pestiddes 


o 


o 


o. 


■q 


0 . o 








00 


Heavy organic chemicals 


a 




00 

o.'E 




'o.’E 








00 

s: 


Elcctridty generation 






It 


00 


3 








43 


Town gas 


T3 

a 


rs 

o 


o o, 


tJ 

JS 

a 


23 

o o 






o 


jh 


Mineral oil refining 


c. 




.2.0 

0.0, 


00 

JZ 

o 


oo“ 
3 o 




2* 

3 


oo 

o 


Ul 

JZ 


INDUSTRIAL SECTORS | 

TYPES OF VESSEL 


^ Tanks, plate small, 
S erected on site 


Tanks, shop built 


Carbon and low 
H alloy steel 


* High alloy steel 

0 » inc. high tensile | 


" 

2 z Stainless and nickel 
g S alloys inc. clad 


3 

•o 

a 

d 

3 

S 

3 

xa 
■3A a 


a Glass, reactive metal 

Q and solid resin clad 


E 

Spheres 


Pressure vessel trends 



61 

PV VOL II C 

Printed image digitised by the University of Southampton Library Digitisation Unit 



tource: lolorviow progranune Symbols: p-prlncipnl o^occaslonal and aecoadary 1-Iow prossure (less than 300 psig) h*hlgh preasure Onore than 300 p*<g) 
g>«U8o growing in plant t«"U*e static In plant d"*us« declioing in plant 



APPENDIX F 



5.6 The replacement of ASME Code by BS1515 has reduced costs considerably. 



Heavy organic chemicals 

5.7 This sector is a most important outlet for pressure vessels of all types and, as with 
the refinery industry, also for very large, thick walled special material vessels. Stainless 
steel vessels are particularly important in the oxidation reactions, and in the context 
of corrosion resistance an increasing usage of titamum-lined vessels can be expected. 
While sophisticated materials are required, shell thicknesses rarely exceed T as pressures 
remain lower than in some refinery processes. Future trends will accentuate these 
requirements. 



Fertilizers 

5.8 Pressures are relatively low (less than 100 psig) with the exception of urea which 
in one process requires pressures of 3,000 psig and temperatures of 200®C. One basic 
chemical for fertilizers (ammonia) also requires, in certain processes, high pressures 
(up to 5,000 psig). In final fertilizer manufacture stainless steel is commonly used to 
meet corrosive conditions. 

5.9 For the future, unit sizes of plants are increasing and pressures will become higher. 
There will be a greater use of stainless steel and of some titanium; for high pressure 
ammonia plants high strength quenched and tempered steels can be expected to find an 
application. 



Inorganics 

5.10 Technical change is less rapid here than in the refinery or heavy organics fields. 
The period to plant obsolescence is longer. Continuous production techniques are used 
for all ‘tonnage’ chemicals. Most vessels are in mild steel with some use of special 
linings. Pressures are normally below 350 psig. Some standardisation of vessels for 
simpler applications is being attempted. 



Other sectors 

5.11 Industrial gases and electricity generation are also of interest for certain special 
vessels. The transport section, road and rail tankers, offers the possibility of series 
production, and, therefore, spedalisation. It is not a field of interest to the jobbing 
fabricator. 
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CHAPTER 6 



UK demand: present data and fiitare estimates 



Introduction 

6.1 To determine historic danand data and future danand estimates for pressure 
vessels, it has been necessary to divide UK demand into a number of major d ema nd 
sectors and consider each in detail. Demand in the UK has th^iefore been considered 
in the following sections in the pres^it chapter : 

(a) the special role of contractors in the UK; 

(b) the trends in fuel policy in the UK, and the effect this will have on future demand 
in the gas, electricity and oil sectors of the economy; 

(c) gas: past data and future estimates of demand; 

(d) electricity: past data and future estimates of demand; 

(e) oil: past data and future estimates of demand; 

(f) chemical industry: past data; 

(g) chemical industry: various future demand estimates, based on considerations of 
general economic growth; 

(h) UK demand pattern for vessels in four major sectors: past and future estimates. 

It is important to note that all the determinations of historic demand data and, more 
particularly, of estimates of future demand levels are subject to considerable margins 
of error. AH estimates in the present chapter should therefore be treated as providing 
only a wery approximate guide to demand levels. 

6.2 The economic growth of the UK provides a standard of growth against whidi 
the past and future estimates of demand in the individual industrial sectors (listed 
above) may be compared. Fig. 6(1) shows the growth of the UK gross domestic product 
during the period 1950-66 at 1958 prices : the ov^all growth is approximately 3 % per 
annum. 

6.3 It may be noted that the p^t and future estimates of demand considered herein 
relate to both shop and site-built pressure v«sels, heat exchan^rs and tanks , Fot tlw 
sake of brevity, when all these categories are intaided, the word S^essels’ will be used in 
the present chapter. 



The role of contractors in the UK 

6.4 From the standpoint of the pressure vessel industry, both contractors and final 
users are procurers of vessels; it is estimated that about 60%-70% of the vessels 
procured in the four main demand sectors in the UK are bought by contractois 
(including the contracting divisions of major plant users) for installation in complete 
plants. Although the contractor is not a generator of vessel demand, he is an important 
link in the demand circuit, and the criteria which he uses for the purchase of vessels 
are a determining factor in the market conditions for vessels. There are about twenty 
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U.K. GROSS DOMESTIC PRODUCT (fl.OOOM) 
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Fio. 6(1). Gross domestic product of the UK at 1958 prices 
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contractors or contracting divisions of standing in the UK that can bdl^ltssififid as 
follows: 

(a) six British companies that are members of the British Chemical Engineering 
Contractors’ Association (BCECA); 

(b) about right American companies, invariably major subsidiaries of the large 
American contracting groups; 

(c) approximately six other British companies that operate as contractors but 
frequently carry out this operation as part of other group activities which may or may 
not be contracting. 

6.5 As a genmahsation, group (a) has tended in the last few years to take a significant 
volume of its work from the gas industry together with heavy organics, inorganics and 
fertilizers. Group (b) has been dominant in the refinery field and certain areas of heavy 
chemicals. Group (c) has mainly consisted of specialists such as: 

the contracting arm of a major synthetic fibre producer; 
a specialist contractor in synthetic fibres; 

a large civil engineermg contractor using design and construction expertise but not 
offering proprietary processes. 

6.6 The chemical contractor in the UK in post-war years has to a large extent replaced 
partoftheroleof the engineering department tff the final user. It may be estimated that 
the share of chemical plant procurement through the chemical contractor will increase. 

6.7 The major vessel demand sectors have been; 
mineral oil refining; 

the town gas industry; 

the main sectors of the chemical industry such as heavy organics, fertilizers, inorganics 
and dyestuffs. 

Contractor activity has been very s ignifi cant in all these areas. However, in the less 
important demand sectors the sn^ scale of plants and the simpte process operations 
frequently imply procurement by the final usct direct firom the pressure vessel manu- 
facturer, with plant erection and civil engineering entrusted to a geireial engineeting 
contractor. 

6.8 Pressure vessels not passing through the hands of contractors are more likriy to 
be for replacement and modification, and for small plants (not turnkey). However, a 
number of large final users may, for new plants, use contractors for engineering and 
site erection while retaining control of procurement. For small plants, where con- 
tractors ate not active, a high stainless steel content is found and stainless speciali^ 
have a smaller proportion of their custcmers as contractors. This market structure, with 
the strong intermediary role of the contractors has, as a direct consequence, tlw effect 
of cutting off the mechanical engineer in the fabricator fimm the chemical eogitieer in 
the final user. 

6.9 The only significant variation in the market pattern is in the supply of power 
generation plant to the Central Electricity Generating Board, where vessels may be 
fabricated as part of complete plant by the same company or group that is responsible 
for design and installation. Even h^ howevra:, the mam contractor for a power 
station may buy in much of the plant (such as the boiler drums). 

65 



Printed image digitised by the University of Southampton Library Digitisation Unit 



TABLE 6(1) 

Gross fixed capital formation in the UK at current prices (£M) 
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TABLE 6(2) 

Gross fixed capital formation in the UK at constant (1958) prices (£M) 
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Trends in fuel policy in the UK 

6.10 Past trends and future prospects in the gas, electricity and oil industries are 
largely the products of: technological progress; the Government’s fuel policy in the 
light of this technological progress; and the financial and political factors that must 
also be taken into account. Outstanding developments are summarised in this intro- 
ductory section on fuel policy as they effect all three pressure vessel demand sectors. 
Reference is made throughout tliis chapter to the National Income and Expenditure 
figures of capital formation in the UK; these are given for the period 1950-67 for the 
sectors of gas, electricity and oil as well as for the chemical industries (considered in a 
later section of this Chapter) in Tables 6(1) and 6(2). 

6.11 The decade 1956-66 was characterised by the rapid growth of oil consumption 
at the expense of coal and by the emergence of nuclear power as a competitive primary 
energy source. The next decade will be marked by rapid exploitation of the natural gas 
reserves in the North Sea and the continued growth of nuclear power. The relative 
growths of the oil, nuclear and gas sectors are shown in Table 6(3). 



TABLE 6(3) 

Relative fuel consumption in the UK based on million tons coal equivalent data 



Sector 


1957 


1966 


1975 


Actual 

(%) 


Actual 

(%) 


Estimated 

(%) 


Coal 


85 


59 


34 


Oil 


14 


38 


42 


Nuclear and hydro-electricity 


1 


3 


10 


Natural gas 


— 


<1 


14 




100% 


100% 


100% 



Source: Table 6(4) 



6.12 Resource cost calculations suggest that the maximum benefit from natural gas 
will be obtained by its use in premium markets and, in particular, in place of town gas. 
Bulk gas sales to industry and possibly to electricity power stations will also be sought 
to build up quickly the total volume of sales. 

6.13 Oil will be displaced through premature obsolescence of plant, its use in gasworks 
failing from 8-4mtcein 1966 to an estimated 3 mtcein 1975. It is also thought that coal 
consumption in the gas industry would fall from 17M tons in 1966 to nil in the early 
1970’s. Oil and coal will therefore suffer in competition from natural gas in the bulk 
markets. The Government’s estimates of trends in primary fuel consumption in 1975 
are summarised in Table 6(4). The main assumptions underlying the estimates are: 

that North Sea gas reserves would support a level of production at an average rate 
of 4,000 mcfd and that the price of the gas would be such that it could be sold ; 
that there would be no conversion of coal-fired power stations to oil; 
that the second nuclear power programme would be fulfilled; 

68 



Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 6 UK DEMAND: ESTIMATES 



that oil tax would be at a rate of 2d. a gallon; 
that no coal would be imported; 

that Gross Dom^tic Product is assumed to grow at an average rate of 3 % per annum 
(i.e. the same as in the past decade) as shown in Fig. 6(1). 



TABLE 6(4) 

Trends in Primary fuel consomptioa in the UK in mflli fwi tons coal equivalent (mtce) 



Sector 


1957 


1966 


1975 


mtce 


mtce 


Average % 
change pa 
1957-66 


mtce 


Average % 
change pa 
1966-75 


Coal 


212-9 


174-7 


-2 


118 


-4 


Ofl 


36-7 


111-7 


+13 


146 


+3 


Nudear and hydro-electricity 


1-7 


10-2 


+22 


37 


+15 


Natural gas 


- 


M 


- 


49 


+52 




251-3 


297-7 


+2 


350 


+2 



Source: FueJ Policy White Paper, Cmnd. 3438, Novonber 1967 



6.14 The above estimates are the result of very detailed analyses made by die Ministry 
of Power in consultation with the nationalised fud industries and with the oil companies. 
Neverthptess they are subject to considerable uncertainty and should be taken only as 
illustrating broad tr^ds. The Government’s policy is imderstood to be to lay down 
long-tCTm planning guide-lines which can be modified from year to year in the light of 
experience and further knowledge. 

6.15 Considerable uncertainty surrounds projections beyond 1975. The major factors 
that will detCTmine the competitive position of the alteimtive fuels, and hence capital 
expraditure in each industry, include: 

(a) The extent of further discoveries of natural gas and the price paid fra: it. Knovm 
recoverable reserves are estimated to amount to some 25 x 10^^ cu. ft. which is 
sufficient to build up to a production rate of 3,(KX) mcfd within five years or so and to 
continue at that level for perhaps 15 years, thereafter gradually de clinin g if no more 

is found. The rate of discovery so far has been very fast; the probability is that 
further reserves would be found and the industry continue to grow. The Government 
have accepted that a reasonable assumption for planning purposes is that production 
from the UK part of the North Sea could by 1975 reach 4,000 mcfd (equivalent to 
nearly four times the present consumption of town gas). 

(b) Developments in technology and costs in tiie alternative fuels. The cost of 
generating electrioty by nudear power continues to fall, and Fuel Policy studies 
s v^gg e s t that nuclear power could account for about one-quarto: of our primary 
energy by 1980. Assuming total energy requirements continue to rise at 2% a year 
this would give the result shown in Table 6(5); however this is but an ^pn^ximate 
estiiM-te and the actual proportion of nuclrar electricity would not matoially affect 
the total demand for vessels in the electridty supply industry. 
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TABLE 6(5) 



Possible growth in nuclear power 1975-80 





1975 


1980 




mtce 


mtce 


Average % 
change pa 
1975-80 


Total primary energy used 


350 


385 


+ 2 


Nuclear electricity 


34 


96 


+23 



6.16 It should be noted, however, that the prospects for individual fuels depend on 
the development of suitable appliances as well as on the cost of the fuel itself. The 
increase in gas sales between 1964 and 1967, accounted for by growing demand from 
the domestic and commercial markets, was related to the introduction of improved 
space and central heating appliances. Electricity sales, in contrast, may have suffered 
in recent yearn from a possible lack of competitive and flexible heating equipment. 

6.17 From the above outline, two main conclusions may be drawn for fuel forecasts: 

(a) The rapid growth in oil de man d in the past decade and the rapid growth of 
natural gas in the next decade mark two distinct phases in the UK fuel economy. 
It is inappropriate to make forecasts for vessel demand in each fuel sector by assum- 
ing that past trends in total capital expenditure in each sector would continue, and 
each sector has therefore been considered separately. 

(b) The pattern of demand to 1975 is already determined to a large extent by existing 
Government policy and capital expenditure programmes. For the period 1975-80 
it is possible only to give the factors that will influence the course of events, some 
pointers to likely developments, and methods by which fabricators can assess for 
themselves the implications for pressure vessels as further information becomes 
available on the industries’ development plans. 

6.18 As much detailed information as possible has been sou^t on purchases of 
pr^ure vessels in the recent past, together with likely demand in the period up to 
1972-3 which is the limit of the nationalised industries’ five year development plans. 
Some approximate guidance is also given on vessel demand patterns for the period 
1975-80. 



Demand for vessels in gas plant 
Past and Jorecast trends in gas sales 

6.19 The future demand for vessels is largely d^ndent upon the demand for gas 
storage facilities, while gas storage requirements are related directly to trends in the 
sales of gas. An outline of past and planned developments in the gas industry is there- 
fore given in the present section. 

6.20 Table 6(6) gives detailed figures of the recent growth in gas sales and forecasts 
up to 1 975, together with very tentative forecasts for the period 1976-80. The figures in 
the table show the very ambitious plans for the gas industry over the period 1968-75. 
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For the period 1976-80 a more modest aTinnal increase of 8% per anntim is taken, 
based on the assumptions that further discovaies of natural gas v?ill be made, in which 
case the gas industry is likely to continue to grow at the expense of coal and oU in thar 
industrial and domestic uses. 



TABLE 6(6) 

Actual and forecast growth in gas sales 



Year 


Annual demaTid 
for gas 
(M. thMins) 


Percentage increase 
OVCT previous year 
(%) 


Actual 

1963-4 


2,979 


2(5) 1 




1964-5 


3,189 


7 (8) 




1965-6 


3,505 


10 (9) 




1966-7 


3,775 


8 (9) 




1967-8 


4,222 


12 (10) , 




Forecast 

1968-9 


4,700 


11 




1969-70 


6,000 


27 




1970-1 


7,250 


21 




1971-2 


8,250 


14 




1972-3 


9,100 


10 




1973-4 


11,000 


21 




1974-5 


13,300 


21 




1975-6 


14,400 


8 




1976-7 


15,500 


8 




1977-8 


16,700 


8 




1978-9 


18,000 


8 




1979-80 


19,400 


8 J 





* The bracketed figures are temperature corrected to altow for correctioa for the avmge ambieot 
temperature 

** Forecast figures are all at normal tonperUure 

Sources: 1963-4 to 1972-3 The Gas Council. Annual Retorts and Accounts, and Investste&t in Natml 
Gas. May. 1968 

1973-4 to 1974-5 Fuel Policy White Paper 

197S-6 to 1979-80 Tentative estimate of present economic survey 



Demand jor vessels in gas storage and distribution 

6.21 During the period 1968-72, much of the industry’s capital expenditure will be 
used to install the tr ansmissi on and distribution system required for natural gas. By 
the mid-seventies this task will be nearly complete. It is estinmted that ty 1973 80 % of 
gas supplies will be met from natural gas (virtually all the rest coming from oil garifica- 
tion processes), and 61 % of domestic consumers (ovct 8 million of the 14 million the 
industry expects to have in that year) will have thdr equipment converted to take it. 
Two factors combine to make gas storage requirements fairiy modest in this transient 
period of very rapid growth: 

(a) Natural gas has twice the calorific value of town gas (about 1 ,000 British Thermal 
Units i>er cubic foot) and therefore requires half the storage capacity for a given 
output of energy. 
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(b) In the early years, when a high rate of build-up has to be allowed for, it is 
expected that a measure of storage capacity will be available from some parts of the 
transmission and distribution system. 

Both these factors should be of diminishin g importance after 1975 when the industry’s 
additional storage needs each year should come to bear a closer relationship to actual 
increases in sales achieved from year to year. 

6.22 Future demand for vessels in the gas industry will be related to the industry’s 
need to store gas to meet fluctuations in demand. There are several levels of storage in 
the gas industry depending upon the periodicity of the fluctuations in gas demand; 
three different levels are considered in the following paragraphs. 

6.23 The first level of storage in the gas industry is that used to even out fluctuations 
in demand through the day and is the type of storage the industry has been concerned 
with until now. The industry’s capacity for this type of storage amounts to about eight 
hours (or 30%) of total peak day demand, and is directly related therefore to the trend 
of the industry’s sales at peak times of the year. There are no figures available for the 
trends in peak day demand, although the Gas Coimcil has published figures of the 
maximum daily capacity in its Annual Reports (see Table 6(7)). 



TABLE 6(7) 

Maximum daily gas production capacity in the UK at year end 



Year 


Maximum daily capacity 
at year end 
(M. therms) 


Percentage increase 
over previous year 
(%) 


1963-4 


14-1 





1964-5 


16-7 


12 


1965-6 


18-5 


11 


1966-7 


22-2 


12 


1967-8 


28-3 


27 



This type of storage has been supplied hitherto by low pressure gasholders, by pressure 
vessels and by spare capacity in gas mains (Tine pack’). At present this level of storage 
is still the responsibility of Area Boards, since the Gas Council will supply at a steady 
rate over 24 hours from the National Transmission system. Whilst storage for about 
30% of the peak day demand for gas is open to pressure vessels, these vessels will have 
to compete with alternative forms of storage such as temporarily oversized gas mains 
and underground storage. 

6.24 The second level of storage is used for meeting part of the demand on peak days. 
At present LNG is favoured for this purpose and is included in the Gas Council’s 
capital development programme. 

6.25 The third level of storage is that provided to even out fluctuations in seasonal 
demand, and this is the role of underground storage. 

6.26 It is possible that the last two types of storage may be operated to cover part of 
the variation in demand during the day and thus reduce the need for storage at the first 
level provided specificially for this purpose. Since other, cheaper forms of storage are 
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also under consideration, it would be unrealistic to assume an increasing requiremwit 
for pressure vessels for high pressure storage. Even in present circumstances, some 
Area Gas Boards regard this as an uneconomic solution and do not include it in thdr 
plans. No purchases of high pressure storage vessels are planned for 1972-3 although 
other forms of storage scheduled for the year total 40 million cubic feet. The curr^t 
competitive position of pressure vessels, however, is indicated by details of Area Gas 
Boards’ plans for installing additional storage capacity over the next few years as given 
in Table 6(8). 



TABLE 6(8) 

Planned additional storage capacity for Area Gas Boards 



Year 


Low 

pressure 


High 

pressure 


TOTALS 


(million standard cubic feet) 


1967-8 


29-8 


14*3 


44-1 


1968-9 


32'8 


34-5 


67-3 


1969-70 


13-2 


23-8 


36-9 


1970-1 


16-7 


27-0 


43-7 


1971-2 


3-5 


15*0 


18-5 


1972-3 


50 


— 


5-0 


TOTALS 


100-9 


114-6 


215-5 



Overall demand for gas plant 

6.27 Estimates have been prepared for the total demand for gas plant, based on zn 
assessment of demand in each of the gas industry’s main areas of activity: 

high pressure reforming plant, 
high pressure storage, 

LPG storage, 

LNG storage, 

terminals and above-ground installations, 
replacement purchases of vessels. 

6.28 Summary data has been assembled in Table 6(9) covering all the capital ex- 
penditure headings considered to involve pressure vessels, heat exchangers and tanks, 
as well as replacement purchases coming under revenue and not capital accounts. Th& 
only items excluded are the gas industry’s past purchases of LNG storage tanks, a 
very specialised product supplied by ordy one or two firms, and past purchases of 
distillate storage tanks for wMch demand has now ceased. The forecasts are based on 
the gas industry’s five year development plan but these expenditures have not all 
received Government approval and the final outcome could be different from that 
envisaged here. Although the overall capital sums involved may prove reasonably 
accurate, changing technology could make the estimates for individual items of gas 
plant, such as pr^ure vessels, completely wrong. 
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TABLE 6(9) 

Estimated expenditure on pressure vessels, heat exchangers and tanks in the gas industry (£M) 



Year 


Gas 


Transmission and distribution 


Replacement 
purchases of 
pressure 
vessels, heat 
exchangers 
and knock- 
out vessels 


TOTALS 

(£M) 


high 

pressure 

reforming 

plant 


High 

pressure 

storage 


LPG 

storage 


LNG 

storage 


Terminals 
and above 
ground 
installations 


CurrefU 
















prices 
















1962-3 


1-6 


— 


0-3 


n.a. 


1 


— 


1-9 


1963-4 


1-6 


— 


0-6 


n.a. 




— 


2-2 


1964-5 


1-6 


— 


0-7 


n.a. 


^ 0-2 


— 


2-3 


1965-6 


2-8 


0-3 


0-5 


n.a. 




0-3 


3-9 


1966-7 


4-4 


1-2 


0-6 


n.a. 


J 


0-4 


6-6 


1967-8 


5-1 


1-1 


0-4 


n.a. 


0-2 


0-6 


7-4 


1967 
















prices 
















1968-9 


— 


2-8 


0-4 


1-7 


0-8 


0-5 


6-2 


1969-70 


— 


1-9 


0-2 


1-7 


0-4 


0-5 


4-7 


1970-1 





2-2 


— 


1-7 


0-4 


0-3 


4-6 


1971-2 





1-2 


— 


1-7 


0-3 


0-2 


3-4 


1972-3 


— 


— 


— 


1-7 


0-2 


0-2 


2-1 



Source: Estimates given in paragraphs 6.30 to 6.42 



6.29 Each of the areas listed in Table 6(9) is considered in detail section by section in 
paragraphs 6.30 to 6.42 below. The vessel expenditure figures in Table 6(9) are used in 
the ove^ summary given in Table 6(39). 



TABLE 6(10) 

DaUy capacity of new plant brought into use in year (Mcfd) 



Year 



High pressure 



Cyclic 



Total oil gasification 
(including reforming) 



1960- 1 

1961- 2 

1962- 3 

1963- 4 

1964- 5 

1965- 6 

1966- 7 

1967- 8 

1968- 9 



TOTALS 



1,165-7 





680-9 

1,074-0 

1,250-0 



200 0 
300-0 
50-0 



880-9 

1,374-0 

1,300-0 



4,170-6 



872-8 



5,043*4 mcfd 



Source: The Gas Councii, Annual R^xirt and Accounts (Appendix m, Section A) 
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High pressure reforming plant 

6.30 The high pressure reforming capaxaty installed, in terms of daily capadty of new 
plant brou^t into use each year, is given for the period 1960-9 in Table 6(10). 

6.31 The estimated purchases of vessels may be derived from Table 6(10) throu^ use 
of the following data and assumptions: 

The total cost of high pressure reforming plant is approximately £15 for one ‘therm 
per day’ of installed capacity. As 1 thorn equals 200 cu. feet, th^ the cost is approx- 
imately 0)-O75M per mcfd installed capacity. 

The vessel content of high pressure refo rming plant as determined in interviem with 
contractors during the interview programme, is approximately 10*8% of equipment 
procured. 

The vessel content of cyclic reforming plant is assumed to be negligible, although 
some of the vessels woidd be built to a vessel design standard. 

A broad industry expenditure pattern is assumed, that is 50% of total plant cost is 
spent on equipment one year after the decision to invest and 50% is spent on site 
construction two years after the decision to invest (here decision to invest is equival- 
ent to sanction). 

From the above, the vessel content of high pressure reforming plant is 5*4% of total 
cost, and equipment purchases would be made in the year preceding site con- 
struction and commissioning. This has the effect of shifting vessel expenditure back 
one year relative to the total plant cost. 

It is assumed that the expenditure for the period 1963-6 is spread equally between 
the three years. 

6.32 Estimated purchase of vessels for high pressure reforming plants for the period 
1962-8 are given in Table 6(11), as based on Table 6(10) and the assumptions listed in 
paragraph 6.31. The Gas Coundl’s expenditure on manufacturing plant ato 1968-9 
will be concerned largely with the expansion or modification of existii^ plant, and is not 
likely to lead to significant purchases of pressure vessels, heat exchangers or tanks. 

TABLE 6(U) 



Estimated purchases of vessel for h^h pressure rdormiitg plants 



Year 


Approximate total cost of 
hi^ pressure rdbrming 
capacity installed 


Estimated purdiases 
of vessds 
(£M) 


(mcfd) 


(£M) 


1962-3 








1*6 


1963-4 


388-5 


29 


1*6 


1964-5 


388-6 


29 


1-6 


1965-6 


388-6 


29 


2-8 


1966-7 


680*9 


51-0 


4*4 


1967-8 


1,074-0 


81*0 


5*1 


196&-9 


1,250-0 


94*5 


— 


TOTAIS 


4,170-6 


313-5 


17-1 
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High pressure storage 

6.33 The figures for 1962-7 given in Table 6(9) for high pressure storage are derived 
from the Area Gas Boards’ returns to the questionnaires sent out by the Gas Council 
for the economic survey. The figures relate to calendar years ; 1962 expenditure has been 
allocated to 1962-3, and so on. 

6.34 Figures for the financial years 1968—9 to 1972-3 are based on the Area Gas 
Boards’ 1968 Capital Development Review, which gives probable but not firm plans 
for installing storage capacity. The expenditure estimates are based on an approximate 
total cost for high pressure storage of £100,000 per million cubic feet, with an estimated 
80% pressure vessel content, according to Gas Council estimates. The approximate cost 
of vessels for the period 1968-73 is given in Table 6(12). 



TABLE 6(12) 

Future cost of vessels in high pressure gas storage 



Year 


Proposed new 
high pressure 
storage capacity 
(m. cu. ft.) 


Approximate 
total cost 
(£M) 


Approximate 
cost of vessels 
(£M) 


1968-9 


34-5 


3-45 


2-76 ’ 


1969-70 


23-8 


2-38 


1-90 


1970-1 


27-0 


2-70 


2-16 


1971-2 


15-0 


T50 


1-20 


1972-3 









LPG storage 

6.35 The figures for 1962-7 given in Table 6(9) for LPG storage are derived from the 
Area Gas Boards’ returns as noted in paragraph 6.33 above. 

6.36 The figures for 1968-9 and 1969-70 are the estimated cost of installing respectively 
11,700 and 5,700 tons of LPG storage capacity. No further expenditure is planned. 



LNG storage 

6.37 Historical figures for purchases of LNG storage tanks are not available. 



TABLE 6(13) 

Future tentative expenditure on tanks and heat exchangers for LNG storage (£M) 



Period 


Tanks 


Heat 


TOTALS 






exchangers 


(£M) 


1968-9 to 


6-6 


2-0 


8-6 


1972-3 


(1-3 pa) 


(0-4 pa) 


(1-7 pa) 


1973-4 to 


4-8 


1-6 


6-4 


1975-6 


0-6 pa) 


(0-5 pa) 


(2-1 pa) 



76 



Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 6 UK DEMAND.* ESTIMATES 



6.38 LNG is currently favoured to meet part of the demand on peak days. The Gas 
Council’s Capital Development Programme includes provision for expenditure on 
LNG tanks and heat exchangers both for vaporisation and in liquefaction plants, if 
required. Although plans are extremely tentative, the tank and heat exchanger content 
of this programme is estimated in Table 6(13). 



Terminals wid above-ground installations 

6.39 The historical figure for terminals in Table 6(9) relates only to an estimated 
expenditure of £200,000 between 1962 and 1967 on heat exchangers and pressure 
vessels for the terminals at Canvey and Easington. 

6.40 The forecast figures are based on the Gas Council’s estimate that pig traps and 
heaters account for some 8 % of expenditure in this category. 



Replacement purchases 

6.41 The figures for 1962-7 for replacement purchases in Table 6(9) are taken from 
Area Gas Boards’ returns to the Gas Council as noted in paragraph 6.33. For heat 
exchangers the figures relate only to the replacement cost of the shell : the cost of the 
tubes is excluded. 



6.42 The starred figures for 1968-9 to 1972-3 are present estimates based on 4e Gas 
Council’s statement that replacement purchases are likely to remain at about the preswit 
level for two years or so and then to tail off. 



Demand for vessels in electricity generatii^ plant 
Past and forecast trends in electricity sales 

6.43 The Government’s policy for future electricity power stations lays down that 
the industry should choose the fuel that will enable it to supply electricity at the lowest 
system cost consistent with security of supply and load balancing. There is still con- 
siderable debate as to which type of fuel should be chosen for the next generation of 
power stations and if, as seems likely, the emphasis on nuclear stations increases, 
further debate will arise as to which particular reactor type will be used. Nevertheless, 
the pressure vessel costs in power stations discussed in paragraph 6.48 are not expected 
to vary significantly with the various alternatives under consideration and these figure 
may therefore be used to predict the demand of vessels from estimates of the growth in 
installed capacity of generating plant. 

6.44 The industry’s plans for new capacity are based on meeting the forecast maximum 
demand in winter in average cold spell conditions (roughly day-time freezing) plus a 
1 7 % gross planning margin to allow for errors in load forecasting, variations in weather 
conditions and non-availability of plant at the time of peak load. The gross pla nnin g 
margin was raised from 14 % to 17 % in 1964-5. Recent increases in the maximum load 
are given for the CEGB in Table 6(14), including temperature adjusted figure. Temper- 
ature adjusted data for the SSEB were unavailable and are therefore not shown. 
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TABLE 6(14) 



Maximum potenaal load* as reported by CEGB (ie excluding Scotland) 



Year 


Maximum potential 
load (MW)* 


Per-cent change on previous year 


Actual 


Temperature adjusted** 


1961-2 


27,856 


+ 13-9% 


+8-5% 


1962-3 


32,100 


+ 15-2 


+8-1 


1963^ 


30,488 


- 5-0 


+4*6 


1964-5 


31,779 


+ 4-2 


+5-2 


1965-6 


36,007 


+ 13-5 


-!-6‘0 


1966-7 


34,530 


- 4-3 


-t2-7 



Source: Annual Reports of the CEGB 

• The maximum potential load is calculated by adding, to the maximum demand actually met, estimates of 
any relief obtained from frequency or voltage reduction and disconnection of supplies 
•• To obtain the underlying trend in demand, adjustments are made to the maximum load to average weather 
conditions and to a standard number of working days for each month 



6.45 The forecasts for electricity demand for the period 1967-81 are given in Table 
6(15). The overall average annual increase in maximum demand of 6-2% per annum 
illustrates that the growth in demand is likely to be below the 9 % per a nn u m average 
anmifll increase in electricity sales between 1953-63, but very slightly above the 6% 
per flnnnm average annual increase between 1963-67. Very approximate estimates for 
growth in electricity demand are given in Table 6(16) for the period 1966-7 to 1973-4, 
and are based on the approximate growth figures in Table 6(15). 



TABLE 6(15) 

Maximum demand for electricity in average cold spell conditions 



Area 


Maximum demand (MW) 


1966-7 

(Actual) 


1973-4 

(Forecast) 


1980-1 

(Forecast) 


CEGB 


— 


54,000 


80,000 


SSEB 


- 


7,340 


12,591 


TOTALS 


39,991 


> 61,340 


92,591 




(6-35% pa) (6-1% pa) 



Growth in electricity generating capacity in period 1961-68 

6.46 The maximum demand for electricity generating plant (or generating capacity) 
may be roughly estimated from Table 6(16), by allowing for the 17% gross planning 
mai^ between capacity and maximum electricity demand (s^ paragraph 6.44). The 
magnitude of the demand for pressure vessels is associated with new generating capacity. 
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6.47 According to the Fuel Polity White Paper and relevant annual reports the 
capacity of generating plant at March 1967 was as follows: 

CEGB 38,468 MW 

SSEB 2,730 MW 

TOTAL GB 41,198 MW 



An estimate of the growth of future plant capacity may be made by assuming that the 
figure of 1 7 % gross planning margin of capacity over demand would be rapidly attained 
over a period of several years and held at 17% thereafter; this follows from the rapid 
build-up in vessel orders in the period 1961-6. It may be noted that the actual gross 
planning margin in 1966-7, according to the figures in Table 6(15) and this paragraph, 
would be greater than 3 % when the generating capacity of the North of Scotland Hydro 
Electric Board is taken into account. Very approximate estimates in the assumed growth 
of electricity generating capacity are illustrated in Table 6(16). 



TABLE 6(16) 



Assomed growfli in electricity generating capacity in Great Britain 



Year 


Approximate maximum 
electricity demand 
(MW) 


Assumed 

gross planning margin 
(%) 


Assumed 

estimated capacity 
(MW) 


1966-7 


39,991 


3 


41498 


1967-8 


42,500 


10 


46,700 


1968-9 


45,200 


13 


51,000 


1969-70 


48,100 


17 


56,300 


1970-1 


51,200 


17 


60,000 


1971-2 


54,500 


17 


63,700 


1972-3 


58,000 


17 


68,000 


1973-4 


61,340 


17 


71,600 



Sources: Table 6(15) and paragraphs 6.44 and 6.47 



Demand for vessels in electricity generating plant 

6.48 The great majority of pressure vessels and tanks are used in the generation of 
electricity rather than in its transmission ; it is not suitable therefore to apply pressure 
vessel ratios (relating to generation) to total figures for capital expendituie. Power 
stations take some five years to build and the expenditure pattern detailed in paragraph 
6.31 based on a two year cycle does not apply. It is understood that expenditure on the 
manufacture of heavy pressure vessel equipment might be spread mainly over the 
middle three years of the construction period while expenditure on construction would 
continue throughout the whole of the five year period, the plant being commissioned in 
the fifth year (the plant thus not being added to ‘capaci^ data until the fifth yem). 
Estimates have been obtained for the pressure vessel ratios vrfjich could be applied 
either to the total capital cost or to the installed capacity of a power station. Analyses 
made by the CEGB in 1968 suggest that for nuclear or coal fired power stations 
expenditure on pressure vessels (excluding heat exchan^ surfaces in the case of 
boilers, feedheaters, etc.) and taiiks amounts to some £750,000-£900,000 for each 
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660 MW unit. This figure can be related either to cost or capacity as indicated in Table 
6(17). Technical variations in both conventional and nuclear power stations can have 
the effect of changing the vessel content between the limits given in Table 6(17) for both 
these types of power stations, according to the type of conventional or nuclear power 
station involved. An approximate average index for vessel cost of £1,250 per MW of 
new installed capacity is therefore assumed. 



TABLE 6(17) 

Cost of vessels per megawatt for electricity generating stations of the 660 MW type :(inclixling 
installatioD) in 1967 



Plant item 


Coal 

fired 


Nuclear 

(AGR) 

£’000 


Drums 


150 




Headers 


600 


500 


Feedheaters — pressure vessel content 


100 


100 


Other pressure vessels 


8 


110 


Water/oilstorage tanks 


25 


25 


Total vessel costs 


883 


735 


Vessel cost per MW: 


1-35 


M5 1 


Vessel cost as per cent of total cost of station 


2% 


1% 



6.49 Direct estimates of vessel purchases by the CEGB, the SSEB and the^ UKAEA 
have been noted in Table 6(18) for the period 1961-2 to 1967-8. The purchases figures 
in brackets refer to incomplete data for the next few years. The vessel expenditure 
figures for 1961-8 in Table 6(18) are used in the overall summary given in Table 6(39). 



6.50 To outline very approximately the effect that the five year *approval-to*com- 
missioning’ cycle has on vessel expenditure patterns, it is assumed that expenditures 
on vessels are averaged about the third year in the five year cycle, suggesting that vessel 
e^qjenditure falls approximately two years in advance of commissioning. The figures 
should be used only as a very approximate indication of how the pattern of vessel 
expenditure may fall in the next few years, and are given in Table 6(19). It is stressed 
that an annual growth rate in electricity demand of about 6 % per annum is assumed, as 
well as the rapid achievement of the 17% gross planning margin of capacity over 
demand. The approximate vessel expenditure figures for 1969-72 in Table 6(19) are 
used in the overall summary given in Table 6(39). 



Forecast growth in electricity generating capacity for period 1973-81 , 

6.51 The longer term forecast may tentatively be estimated on the basis of the maw- 
mum demand data in Table 6(15), together with the gross planning margin in capacity 
of 17% as noted in paragraph 6.44. The implied electricity generating capacity require- 
ments are given in Table 6(20). 
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TABLE 6(18) 

Estimates of vessel purchases for electricity generating and nuclear plant in Great Britain : 1961-68 





Vessel purchases 


Vessel contracts 


Year 


as estimated 


as estimated 




by CEGB & SSEB 


by UKAEA 




(£M) 


(£M) 


1961-2 


2-4 


0-57 


1962-3 


4-4 


0-23 


1963-4 


5*8 


0*11 


1964-5 


7-0 


0-08 


1965-6 


7-7 


0-10 


1966-7 


6-1 


0-31 


1967-8 


4*8 


0-63 


1967 Prices 






1968-9 


(3-2) 


(0-12) 


1969-70 


(1-7) 


— 


1970-1 


(1-7) 


— 



Notes: The second column is the estimated purchases of pressure vessels and tanks by the CEGB and the 
under the approved building programme (excluding Hartlepool). Data for 1961-7 is in current 
prices and is believed to be complete. Data for 1968-71 is in 1967 prices and the bradcets indicate 
incomplete figures as orders will not have been placed for all the equipment concerned. It is under- 
stood these figures probably exdude vessels associated in power generation for smehers. This w^d 
have but little effect on the annual vessel purchases figures, as one-sixth of (e.g. Hunterston B) w^ be 
for smelters (i.e. 210 MW for smelting). The figures give expenditure «timates Tat to year in whkh k 
is expected to take place and include immediate installation costs (instrumentation, electrics, etc.) 
but not civil engineering work 

The third column is the value of contracts placed for pressure vessels and tanks as est^ted by to 
UKAEA. Expenditure on vessels would probably fall wkbin a reasonable time following the placing 
of the contracts 



TABLE 6(19) 



Assumed vessel expenditure for electricitj’ generating plant in Great Britain: 1965 72 



Year 


Additional 
net capacity 
assumed 
(MW) 


Loss of capacity 
due to 

obsolescence 

(MW) 


Additional new 
(gross) capacity 
assumed 
= (b) + (c) 
(MW) 


Assumed vessel 
expenditure 
derived 
from (d) 
(£M) 


(a) 


(b) 


w 


(d) 


(e) 


1965-6 


_ 





— 


7-7 


1966-7 





— 





6-1 


1967-8 


5,500 


500 


6,000" 


7-4 


1968-9 


4,300 


500 


4,800 


5-4 


1969-70 


5,300 


500 


5,800 


5-4 


1970-1 


3,700 


500 


4,200 


6‘ 1 


1971-2 


3,700 


500 


4,200 




1972-3 


4,300 


500 


4,800 




1973-4 


3,600 


500 


4,100'* 





Notes: Column (b) Iws been obtained from the last column of Table 6{16) 

(c) is an approximate allowance for further new capacity required by deptelion of existing 
capadty due to obsolescence. This is about 500 MW/per annum. 



(d) is columns (b) + (c), and r^resents to gross new capacity required 

(e) has been approximately estimated from (d) fay assumii^ vessel cost is £1,250 per MW of 

new installed capacity and that expenditure may be agglomerated to occur two years 
before commissioning of plant (see paragraph 6.48). Figures in 1967 prices 



81 



Printed image digitised by the University of Southampton Library Digitisation Unit 



APPENDIX F 



TABLE 6(20) 

Approximate electricity generating capacity requirements 



Generating capacity requirement estimates (MW) 



Area 



1966-7 

(Actual) 



1973-4 



1980-1 



(Estimated) 



(Estimated) 



CEGB 



38,468 



SSEB 



2,730 



TOTALS 



41,198 



72,000 



109,000 



6.52 The electricity generating capacity (including Hartlepool) on the building pro- 
gramme as at 1968 is about 32,500 MW, and this would be commissioned by 1973-4. 
Depletion of generating capacity of about 0-5 MW per annum occurs due to plant 
obsolescence or closure. The balance of capacity as at 1973-4 would therefore approx- 
imately be 41,200 MW minus 3,500 MW (obsolescence) plus 32,500 MW which equals 
70,200 MW. During the period 1973-4 to 1980-1 a further 3,500 MW would become 
obsolete, implying a total new generating capacity to be installed of about 42,300 MW 
during this period. Assuming the new capacity is spread approximately evenly over this 
period, it implies a requirement for about 6,000 MW new capacity each year between 
1973-4 and 1980-1 (allowing for plant obsolescence); or assuming the new capacity 
distributed approximately in phase with the increase in demand, it implies a require- 
ment of about 4,700 MW in 1973-4 rising to 7,300 MW in 1980-1. 

6.53 In paragraph 6,48 it is assumed that a mean index for vessel cost would be 
£1,250 per MW of new installed capacity. The 6,000 MW per year thus represents an 
expenditure of about £7-7M on vessels during each year between 1971-2 and 1978-9, 
or £6-lM in 1971-2 rising to £9-5M in 1978-9 (bearing in mind the ‘phase advance’ 

. between vessel expenditure and plant commissioning). The latter figures are included 
in the overall summary in Table 6(39) as being representative of figures for 1977. 

6.54 It is extremely uncertain as to how the actual increases in capacity will be timed 
in the future, and fabricators of vessels with interests in the construction of generating 
stations should keep themselves fully informed as to the likely trend in approvals for 
future electricity generating capacity. 



Demand for vessels in oil refinery plant 
Past and forecast trends in oil sales 

6.55 Estimates of UK domestic oil consumption have been given in Table 6(4); these 
indicate that home demand is estimated at 66M tons in 1966 and at 86M tons in 1975 
(using a conversion factor of 1 • 7 tons of coal = 1 ton of oil), this represents a growth 
rate of 2- 7% pa. 

6.56 After 1975 there would probably be a more modest growth in oil consumption, 
and a growth rate in demand for oil close to that for energy as a whole (2% pa) might 
be a reasonable assumption for this period. Little, if any, addition would be made to 
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the UK capacity in oil gassification plant after 1969-70, and this represents a sub- 
stantial sector of demand for oil that would cease to grow further after 1970. Whilst 
oil is a major feedstock for the organic chemical industry, this use r^resents only a 
small proportion of total consumption of oil (estimates are given in Table 6(21)). 



TABLE 6(21) 



Proportion of petroleum output consumed by tbe world chemical industry 



Year 


Proportion (%) 


1968 


2-5% 


1985 


5% 


2000 


12% 



Source: N. A. lUff, SCI Presidential Address, 19.7.68 



Growth in oil refining capacity 

6 57 Forecasts of total UK refining capacity for the period 1968 to 1970 (with the 
actual figures for 1963, 1966 and 1967) are shown in Fig. 6(2). The forecasts for 1968-70 
have been compiled from individual company forecaste and are quoted in PPW 
Report No. 3. About 92% of annual capacity in refining could normally be made 
available as output. This implies a possible output of 106M tons pa in 1970, against an 
estimated home demand in fuel sales of oil products of at least 75M tons in the same 
year. 



6.58 The above figures suggest that some capacity in excess of that required for home 
demand may continue to exist for some while in the future, and this would permit 
substantial exports of oil products weU beyond 1970. In such circi^tances no more 
than about lOM tons pa of new refining capacity may be commissioned in the penod 
1970-5, following which the average annu^ increase in refinery capaaty might keep 
in step’ with growth in total energy consumption (see paragraph 6,56), leading to a 
capacity of about 138M tons pa by 1980. These very tentative estimates ate shora m 
Fig. 6(2), together with the aimual additions to oil refining cap^ty which rrachM a 
peak of 18M tons pa capacity added in 1967-8. The annual additions to capacity imght 
then drop rapidly to 2M tons pa in 1970-5 and 2-6M tons pa in 1975-80, altogh 
growth in non-fuel uses for oil would considerably ratse these figures. 
These are approximate figures only as consideration has not been given towards future 
problems of refinery balance in terms of product ranges required in response to change 
in future market conditions; neither has consideration been given towards changes m 
the proportions of the market held by different oil refining compames. 



6.59 Inspection of Fig. 6(2) indicates the rapid rise in oil refining capital expra^to 
between 1965-7, closely followed by the rapid rise in annual additions to refinery 
capacity, peaking in 1967-8. 



6 60 Assuming an average construction figure of £7 per ton of on refinin^P^ty, 
the above suggests annual new plant expenditure figures of £14M between WO-5 and 
£18M between 1975-80. These figures exclude any allowance for lepaus ^d replara- 
ments; estimates based on the 3rd PPWP Report su^ts this to be about 15% of total 
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capital expenditure. By inspection of the Blue Book figures for mineral oil re finin g 
capital investment, the average expenditure for ‘pl^t and machinery’ is about 82% of 
the total expenditure in any one year. The total capital expenditure figures thus derived 
are given in Table 6(22). 



EVENT: 



YEAR: 



V 

\ 






vy 
\ \ 



3 Year dalaf 
between 
and cxpcnditui 



\Btilk of U. K. 

\oil gosiificoiion\ \ 

pionrs . \ \ 

^^commiisionsd 



I9S0 

ISO 



_ •-RRW.P Report No. 3 \ -r . , 

(S.. 

X-Annuol Additions to Copacity 



< ~ I 



I960 
I Totol 



YEAR 



1980 
- 30 




CO O 
S 



YEAR 




Fig. 6(2). Mineral oil refining: annual expenditure (1958 prices) and growth in re fining 

capacity 
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TABLE 6(22) 

Estimated aamial expenditures on mineral oil refinery plant incdoding repairs (at 1967 prices) 





Plant and machinery 


Total capital 


Period 


expenditure (£M pa) 


expenditure (£M pa) 


1970-75 


160 


19-6 


1975-80 


20-6 


25-2 



6.61 Also shown in Fig. 6(2) for information are the approximate times at which a few 
events of importance to the oil refining industry occurred. The assumption is made that 
a three year delay occurs between plant sanction and its associated capital expenditure. 



Demand for vessels in oil refinery plant 

6.62 The difference in patterns of expenditure between new oil refineries and modifica- 
tions or repairs to existing refineries is not known. Furthermore, there is considerable 
variation in the “vessel cost to plant and machinery expenditure’ percentage depending 
on the type of refinery built and any market estimates based on a ‘typical’ figure arc 
necessarily approximate. The petrochemical elements of refinery complexes are normally 
included within the chemical industry figures. This follows from the normal practice of 
oil companies in segregating the various elements of the complexes along organisational 
lines, having separate divisions/companies for the refining and petrochemical elements. 



TABLE 6(23) 

Estimates for vessel expenditures in ofi refinery plant during the period 1961-80 (f M) 



Year 


Vessel expenditures (£M); 
16%~-23% 


Current prices 




1961 


3-0- 4-4 


1962 


2-4— 3-5 


1963 


3-7— 5-3 


1964 


4-0— 5-8 


1965 


3-8— 5-5 


1966 


6-9— 9-9 


1967 


14*1— 20*2 


1967 prices 




1968 


13-3— 19-1 


1969 


ii-s—n-o 


1970 


n-3— 16-3 


1972 


2-6— 3-7 


1977 


3-3— 4-7 



6.63 It is believed that the percentage figure for vessels increases with increase in unit 
size of the refinery built, and that the historic trend of ever inaeasing unit size is likely 
to continue in the long term. However, bearing in mind that some spare refining capacity 
may exist in the UK in 1970, and that a fairly modest growth rate in oil dranand is 
anticipated thereafter, any new capacity installed in the UK in the period 1970-80 may 
be in moderate-sized plants. The chan^ng pattern of demand could lead to problems of 
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refinery balance in the future which could be met partly by investment in additional 
cracking plant. Future demand for oil refineries during 1970-80 may also depend upon 
the oil industry’s ability to gain further export outlets for its products, as well as on 
oil’s performance in the rapidly changing energy demand market in the UK. 

6.64 Examples of the analyses of costs of average large oil refineries have been ex- 
amined (sources: 1st PPWP Report and the present economic survey interview pro- 
gramme), and these suggest an average ‘vessel to plant and machinery expenditure 
percentage of 19-5%, in a range of such percentages from 16% to 23%. Estimates 
based on this range of percentages are given in Table 6(23); these are used in summary 
Table 6(39). 



Demand for chemical process vessels: estimates for period 1962-7 
Introduction 

6.65 Two different methods have been used to derive vessel demand arising from 
expenditure on chemical process plant. These are both different from the methoife used 
for the gas, electricity and oil plant demand sectors which are based on estimated 
growths in sales of gas, electricity and oil. The chemical process industry comprises a 
number of chemical sub-sectors, each of which is likely to have a different growth rate 
dependant upon its product. Furthermore, each chemical product is produced by a 
process plant which is likely to have a different capital cost breakdown; thus the vessel 
cost to total plant and equipment cost percentages for process plants producing different 
chemical products are likely to be different (by a substantial margin). In the first method 
each chemical sub-sector has been considered individually, and a pattern of expenditure 
has been derived for vessels for all chemical process plant by summing tbe demand for 
vessels in each chemical sub-sector (this is the method detailed in paragraphs 6.66 to 
6.74). The second method is based on the extrapolation of a survey undertaken by the 
CIA and the economic survey team (detailed in paragraphs 6.75 to 6.77). 



Demand for vessels in chemical process plant: method 1 

6.66 For the purposes of the first method the chemical industry has been divided 
according to the sub-sectors given in ‘Chemical Age’. Altogether 11 main chemical 
sub-sectors are considered, and these are listed in Table 6(25). 

6.67 The method used for estimating the overall vessel demand in the chemical 
industry for the period, 1964-7, essentially consists of the following seven steps: 

(a) The total expenditure for all chemical process plant falling in each year is taken 
as the starting point; 

(b) A table is constructed in which data for equipment expenditure is derived from 

(a) ; 

(c) An estimate is prepared for the percentage of equipment expenditure in (b) that 
falls to each chemical sub-sector; 

(d) The equipment expenditure falling to each chemical sub-sector is obtained from 

(b) X (c); 

(e) An estimate is prepared of vessel expenditure to equipment expenditure per- 
centages for each of the chemical sub-sectors; 

(f) The vessel expenditure for each chemical sub-sector is obtained from (d) x (e); 

(g) The vessel expenditure for the chemical industry is obtained by summing the 
vessel expenditmes for all chemical sub-sectors determined at (f). 
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6.68 Two main sources were used for total expenditure on plant and machiiwry: 
the National Income and Expenditure Blue Book data for 1956-65 in Table 6(1), and 
the total capital expenditure data from the 3rd RQX)rt of the Froths Plant Working 
Party for 1967-70. A table has been constructed based on the assumptions first noted 
in the demand section for the gas industry : that is, total sanctions on plant and machin- 
ery in year 0 falls equally divided between equipment expenditure in year 1 and con- 
struction expenditure in year 2. (It should be noted that total capital investment is the 
sum of expenditures on: (i) plant and machin«y, (ii) other new buildings and works, 
and (iii) vehicles.) It is assumed that total expaiditure on plant and machinery in year 2 
is the sum of the construction expenditure in year 2 (calculated as half sanction for year 
0) and the equipment expenditure in year 2 (calculated as half sanction for year 1). 

6.69 Table 6(24) shows the division of total plant and madiinery exp^diture into 
equipment expenditure and construction expenditure (paragraph 6.67(b) refers). 

TABLE 6(24) 

Estimated division of total plant and machinery expenditure into equipment expenditure 
and cODStraction exp«iditare 



Year 


Sanction 


Equipment 


Construction 


Total expenditure on 






expaiditure 


expenditure 


plant and machinery 




(£M) 


(£M) 


(£M) 


(£M) 


(a) 


(b) 


(c) 


(d) 


W 


Current prices 










1956 


88 


66 


29 


95 


1957 


140 


44 


66 


110 


1958 


78 


70 


44 


114 


1959 


114 


39 


70 


109 


1960 


134 


57 


39 


96 


1961 


114 


67 


57 


124 


1962 


86 


57 


67 


124 


1963 


182 


43 


57 


100 


1964 


145 


91 


43 


134 


1965 


260 


90 


91 


181 


1966 


170 


130 


90 


220 


1967 


125 


43 (85*) 


130 


173 


1967 prices 










1968 


245 


105 (63*) 


85 


190 


1969 


195 


123 


63 


190 (186) 


1970 


na 


98 


122 


200 (220) 



Noies: Column (b) The figures for 1965-69 are based on those in the PPWP Srd Report, with Uie deduction 
of £40M to allow for expenditure on vehicles and other new buHdings and wocfcs. 

(c) £42M has been substracted from equipmeail expenditure in 1967 and a dd ed to die figure 
for 1968. The starred figures in bre<±ets are the unadjusted figures for those years 
(e) The figures for 1956-67 come fr<«n the National Income and Expenditore Blue Bo^. For 
1967 onwards only total capital investment estimates are avaflable m a d e up of three items: 
plant and machinery, other new buildings and worics, and vehicles. E^>e o d in i K on the last 
two averaged some £40M a year between I960 and 1966. This amount has therefore been 
deducted from the total expenditure figures frtwn 1967 onwards given in the Srd Report oC 
the Process Plant Working Party. For the years 1968-70 minor diScrences in the ^ores 
arise between the values given (from the 3rd PPWP Report) and those given in brackets 
(derived from the method of conshuction of the tabte). In part, they are likriy to be 
accounted for by fiuccuations in e)q>endicure on fixed assets other than plant and ma c hiner y. 
The discrepancy of + 10% for 1970 is not considered important: estimates for that year are 
likely to be substautiaUy revised 
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6 70 In its annual surveys of the chemical industry Chemical j^e gives estimates of 
ex^ndhtie on plant for Lch sector of the chemical indmtjy. These figures am ^ 
forall projects (i.e. those completed in the past year and those still m hand) and for 
projects in hand. From these tables it has been possible to derive i^ual figure for 
completions and to apply the resulting expenditure proportioi^ to eqmpment purchases 
for rte year before. The figures cannot be taken back beyond 1965: only to^ figures 
werl pubUshed in earlier years in Chemical Age. Table 6(25) pes the estoa ed annual 
Sues for plants completed in each of the years 1965-7 by chemical suVsector. 



TABLE 6(25) 



Chemical plants completed by year (f M) 



■ 

Chemical sub-sector 


Plants completed in; 


Plants 


1965 


1966 


1967 


1967 


Heavy organics 
Synthetic fibres 
Fertilisers 
Inorganics 
Plastics and resins 
Pharmaceutical 
Industrial gases 
Synthetic rubber 
Coal chemicals 
Dyestuffs 
Miscellaneous 


31-33 

17-60 

16-20 

7- 96 

6- 41 

8- 00 
1-98 

0-97 

0-98 

7- 44 


38-68 

15-10 

45-32 

13-84 

8-98 

11-08 

3-21 

2-60 

0-52 

2-16 

7-79 


46- 49 

47- 45 
39-30 
26-90 
17*50 

9-99 

7*80 

4- 23 

5- 08 
4-19 

6- 85 


156-00 

47*20 

21-00 

26-11 

16-44 

6-94 

6-66 

8-60 

3-40 

1-28 

11*32 


TOTALS 


98-84 


149-28 


215-79 


304-94 



6 71 The figures in Table 6(25) have been recast in the form of percentages of plant 
completions for each of the chemical sub-sectors. The resulting percentages are given 
in Table 6(26). 



TABLE 6(26) 



Percentages of plant completions ( %) 



Chemical sub-sector 


Plants completed in: 


Plants 
in hand 
1967 


1965 


1966 


1967 


Heavy organics 


32 


26 


22 


51 


Synthetic fibres 


18 


10 


22 




Fertilisers 


16 


30 


18 




Inorganics 


8 


9 


12 




Plastics and resins 


6 


6 


8 




Pharmaceutical 


8 


8 


5 




Industrial gases 


2 


2 


4 


2 


Synthetic rubber 


— ■ 


2 


2 




Coal chemicals 


1 


1 


2 




Dyestuffs 


1 


1 


2 


1 


Miscellaneous 


8 


5 


3 




TOTALS 


100 


100 


100 


100 



88 



Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 6 UK DEMAND: ESTIMATES 



6.72 The assumption is made that equipment expenditure in each chemical sub- 
sector may be obtained by applying the percentages of plant completions in any one 
year to the total equipment expenditure in the previous year. In this mann er the pCT- 
centages of plant completions in Table 6(26) for the period 1965—7 have been applied 
to the equipment expenditure data in column (c) of Table 6(24) for the period 1964-7. 
The resulting equipment expenditure patterns are given in Table 6(27). 



TABLE 6(27) 

Equipment expenditure by diemical sub-sector (£M) 



Chemical sub-sector 


1964 


1965 


1966 


1967 


Heavy organics 


29-1 


23-4 


28-6 


21-9 


Synthetic fibres 


16*4 


9'0 


28-6 


6*5 


Fertilisers 


14-6 


27-0 


23*4 


30 


Inorganics 


7-3 


8-1 


15-6 


3*9 


Plastics and resins 


5-5 


5-4 


10-4 


2*1 


Pharmaceutical 


7-3 


7*2 


6-5 


0*9 


Industrial gases 


1-8 


1*8 


5-2 


0*9 


Syndietic rubber 


— 


1-8 


2-6 


1-3 


Coal chemicals 


0-9 


0-9 


2-6 


0*4 


Dyestuffs 


0-9 


0*9 


2*6 


0-4 


Nhscellaneous 


7-3 


4-5 


3-9 


1*7 


TOTALS 


91 


90 


130 


43 



6.73 The vessel contents in equipment expaiditures for each chemical sub-sector 
were derived from the economic survey interview programme and other sources. The 
estimated value of vessels as a proportion of equipment ^penditure in each of the 
chemical sub-sectors is given in Table 6(28). 



TABLE 6(28) 



Vessel contait in ^pnpment expenditure by sub-sector (%) 



1 


Vessel content in 


Chemical sub-sector 


equipment expenditure (%) 


Heavy organics 


23-1 


Synthetic fibres 


17-3* 


Fertilisers 


19-4 


Inorganics 


15-0 


Plastics and resins 


14-0 


Pharmaceutical 


13-0 


Industrial gases 


24-0 


Synthetic rubber 


14-2 


Coal chemicals 


11-0 


Dyestuffs 


21-3 


Miscdlaneous 


10 o** 


Weighted mean for induatry 


18-5 



* ThreMoarters of the cost of syndistic ares plam U estiimted for Bse ill IBt>doctK>n 

and ooc-qoarter for the production of ares. The heavy otKamcp«c«ntage ha* been nmtopbed byO-75 to 

derive Uw synthetic fibres ‘vessel content in eq u i pm e nt eiqwnditurc’ pHwntase. 

** Headings that come under ‘miscdlaneous’ include: 
vegetable and animal oils and fats 6-0% 
soaps 
polishes 

selatine and adhesives 3’5/i 

HowewTihe misccllaneons heading probably contains a number of plant that owld ^ 

ately be included in one of the itanMd snb-sect(« in Table 6C28). An aroroximate -alne of 10% has there- 
fore been f as a reasonable estimate for miscellaneous. 
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6.74 The vessel expenditure for each chemical sub-sector is obtained directly by 
multiplying the equipment expenditure patterns in Table 6(27) by the appropriate sub- 
sector vessel content percentage in Table 6(28). The total vessel expenditure is obtained 
by adding vessel expenditures for each sub-sector, and this is given in Table 6(29). 



TABLE 6(29) 

Vessel expenditure by sub-sector and for the whole chemical industry (£M) (current prices) 



Chemical sub-sector 


1964 


1965 


1966 


1967 


Heavy organics 


6-7 


5-4 


6-6 


5-1 


Synthetic fibres 


2-8 


1*6 


4-9 


M 


Fertilisers 


2-8 


5-2 


4-5 


0-6 


Inorganics 


M 


1-2 


2-3 


0-6 


Plastics and resins 


0-8 


0'8 


1-5 


0-3 


Pharmaceutical 


0-9 


0-9 


0-8 


0-1 


Industrial gases 


0-4 


0-4 


1-2 


0-2 


Synthetic rubber 


— 


0-3 


0-4 


0-2 


Coal chemicals 


0-1 


0-1 


0-3 


— 


Dyestuffs 


0-2 


0-2 


0-6 


01 


Miscellaneous 


0-7 


0-4 


0-4 


0-2 


Whole chemical industry 


16-5 


16-5 


23-5 


8-5 



Demand for \essels in chemical process plant: method 2 

6.75 The Chemical Industries Association conducted a sample survey of its members 
on behalf of the economic survey. A questionnaire was sent out asking companies about 
purchases of pressure vessels, heat exchangers and tanks made by them or on their 
behalf between 1962 and 1967. The CIA sent out 26 questionnaires, all of which were 
returned. The largest chemical company in the UK filled in separate questionnaires 
sent to them directly and the results of these 27 returns were adjusted for the chemical 
industry as a whole by the CIA and the survey team. The CIA estimate that the com- 
panies making the returns accounted from 50% of total chemical industry capital 
expenditure in the earlier years to 74% in the later years. Due to uncertainty 
in the extrapolation of purchasing habits (proportions imported and bought through 
contractors) of the 50% to 74% sample, the extrapolated results of the CIA survey as 
given in Table 6(30) are subject to substantial margins of error. In addition, the trend 
from year to year may be misleading as a result of these margins of error. 

6.76 While estimates given for pressure vessels and heat exchangers t^e into account 
the different sources of supply, tanks may be under-estimated, as purchases through 
contractors are not explicitly taken into account. The survey included provision for 
replacement demand as well as new demand. 

6.77 The most interesting features of the results obtained from the sample survey on 
pressure vessels and heat exchangers are linked to the relative positions of foreign 
purchases made directly by final users and the level of total procurement which is done 
through contractors for the chemical industry. These percentages are given in Table 
6(31). The average amount of purchases of pressure vessels and heat exchangers made 
directly abroad by final users during the period studied is 8 % in a range of 2 % to 14 %. 
On the other hand, contractors have supplied an average of 54% (in a range of 40% to 
62%) of total procurement of pressure vessels and heat exchangers to the chemical 
industry, this being obtained from both UK and foreign fabricators. 
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TABLE 6(31) 

Percentages of pressure vessel and heat exchanger procurements by di^ foreign purchases and 
by purchases through contractors during 1962-1967 



Year 


Total pressure vessel 
procurwuent 


Total heat etchanger 
procurement 


Total 

andh 

pr 


pressure vessel 
eat exchanger 
ocuiement 


direct 

foreigu 


by 

contractors* 


direct 

foreign 


by 

contractors* 


direct 

foreign 


by 

contractors* 


1962 

1963 

1964 

1965 

1966 

1967 

Mean 

1962-67 


180% 

20 

110 

9*0 

7-0 

100 


42-0% 

550 

53-0 

45-0 

48*0 

41-0 


5-0% 

3-0 

13-0 

50 

40 

60 


63-0% 

73-0 

20*0 

70- 0 
73-0 

71- 0 


14-0% 

20 

80 

100 

7-0 

9'0 


50-0% 

60*0 

62-0 

400 

580 

53-0 


100 


47-0 


60 


670 


80 


54-0 



• Total procuremeat through contractors (whether purchased in UK or imported) 
Source: Table 6(30) 



Comparison of vessel expenditure estimates: methods 1 and 2 

6.78 It is of interest to compare the vessel expenditure estimates prepared by methods 

1 and 2: this is given in Table 6(32). 



TABLE 6(32) 



Vessel expenditure estimates for chemical industry (current prices) — (£M) 



Year 


Subsector analysis 
estimates from 
Table 6(29) 


(HA survey estimates 
from Table 6(30) 


1962 





£11-4M 


1963 


— 


10-2 


1964 


£16-5M 


190 


1965 


16-5 


13-4 


1966 


23-5 


20-6 


1967 


8-5 


16-2* 



• Estimated figure, other figures relate to actual purchases 



6 79 The two sets of figures in Table 6(32) are not directly comparable. For example, 
the CIA estimates include replacement purchases of pressure vessels (possibly about 
5% of annual expenditure on pressure vessels) and of heat exchangers (possibly about 
8% of annual expenditure on heat exchangers). The estimates from Table 6(29) do not 
contain any allowance for replacements. Without more detailed knowledge than is 
available, it is not possible to indicate which is the more accurate series of expenditure 
figures; both methods are liable to substantial errors. Neverthelras, the totals for &e 
two series of figures for the three year period 1964-6 agree to within 6%, suggesting 
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that some of the differences in the annual figures could arise from differences in the 
effective accoimting periods used in the two scries. The fi.^es suggest that demand for 
vessels by the chemical industry was of the order of £13-19M in 1964 and 1965, rising 
to £20-23M in 1966. The fabrication industry’s decreasing order books in 1967 suggest 
that demand fell much more sharply in that year than is shown in the CIA figures. 



Demand for chemical process vessels: -estimates for period beycmd 1967 
Introduction 

6.80 In considering forecasts of future growth in the chemical industry, it is believed 
to be a matter of opinion as to which particular assumption should be selected in ordM’ 
to predict this growth. The future demand for vessels relies largely on the future 
fortunes of the chemical industry, which itself relies largely on the developing and 
complex pattern of demand for chemical products of both intermediate and final 
product status. 

6.81 A variety of methods are available for the tentative estimation of future demand 
for vessels. Two simple methods have been chosen for the purposes of the economic 
survey and these are detailed below. The methods produce wide-ranging forecasts, and 
this illustrates the problems besetting attempts to forecast meaningfully and with 
accuracy in this sector. 



Forecast demand for vessels in chemical process plant: method A 

SJ&l Fig, 6(3) shows the growth in total capital expenditure in the chemical industries 
of the UK, the USA and Federal Republic of Germany, all in current prices. The broad 
pattern of growth accompanied by fluctuations is common to the industries of these 
three countries, the fluctuations also appear to be in-phase. The rates of growth for the 
period 1955-66 are approximately: 

Federal RQ)ubUc of Germany . . 10*2% pa 

USA 7-4% pa 

UK 5-4% pa 

6.83 Fig. 6(4) shows the growth of the UK chemical industry expenditure in more 
detail for the period 1950-66 in constant (1958) prices. The ‘total capit^ expenditure’ 
in an y one year equals ‘p lan t and machinery* expenditure, plus expenditure on other 
new buildings and works’ and ‘vehicles’. The two last named expenditures increased 
during 1950-55 to achieve a constant level of £40M from 1955 onwards. 

6.84 For method A forecast the assumption is made that the itraa ‘plant and machin ery’ 
would continue to grow at about 5-2% pa in constant (1958) pri<» teams. The growth 
of total capital exp^diture is shown as the sum of the other two curves. ex- 
penditures on plsint and machinery may be approximately estimated in 1958 pri<^ by 
inspection of Fig. 6(4) and these are given in Table 6(33). The increase in pria index 
for chemical plant is shown in Fig. 6(5) for the period 1950-67. TT^ average mcrea^ 
in price index ha s been about 2*6% pa. To obtain an estimate of the current prices in 
1972 and 1977 it would be necessary to assume that the price index increased by about 
2*6% pa between 1967 and 1972 (or 1977) and to increase the 1967-priced figures in 
Table 6(33) accordingly. 
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Fig. 6(4). Capital expenditure in UK chemical industry at constant (1958) prices 
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Fig. 6(5). Price index based on 1958 prices for chemical plant for period 19,50-67 



TABLE 6(33) 



Tentati?e chemical plant expenditure estimates for 1972 and 1977 : method A 



Estimate 


Year(£M) : 


1972 


1977 


Plant and machinery expenditure (1958 prices) 


200 


255 


(1967 prices) 


247 


315 


Other expenditures (1958 prices) 


40 


40 


(1967 prices) 


45 


45 


Total capital expenditure (1967 prices) 


292 


360 



TABLE 6(34) 

Vessel contents in plant and machinei^ expenditures 



Year 


(a) Plant and 
machinery expenditure 
in current prices 
from Table 6(1) 


(b) Vessel content 
derived from sub- 
sector analysis 
Table 6(29) and col. (a) 


(c) Vessel content 
derived from CIA 
survey Table 6(30) 
and column (a) 


1962 


£124M 





9-2% 


1963 


100 


— 


10-2 


1964 


134 


12-3% 


14-2 


1965 


181 


9-1 


7-4 


1966 


220 


10-7 


9-4 


1967 


173 


4-9 


9-4 


Means 








1962-67 


£I57M 


9-3% 


9-8% 



6.85 It is necessary to estimate the vessel content for 1972 and 1977 from the ‘plant 
and machinery’ figures given in Table 6(33). To do this it is first necessary to estimate 
what proportion vessels are in the total ‘plant and machinery’ cost. This is done in 
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Table 6(34), based on the historic series of vessel expenditures for 1962-7 from Tabic 
6(30) and on total plant and machinery expenditures from Table 6(24). The mean values 
of the vessel content in plant and machinery expenditure are 9*8% and 9 • 3 %. However, 
in view of the wide range of vessel contents figures obtained according to the types of 
plant being built and the details of their design from year to year, it is necessary to 
adopt a wide range of ‘vessel contents’ in considering total plant cost for the whole 
industry. The range of 8 % to 12 % is therefore adopted for the purposes of estimation. 

6.86 The forecasts by method A on vessel expenditures for 1972 and 1977 are givwi in 
Table 6(35), together with the possible variation arising from uncertainty in the correct 
‘vessel cost to plant and machinery cost’ percentage (a range of 8 %-12% is assumed). 

TABLE 6(35) 



Vessel expeoditure forecasts for chemical industry: method A (1967 i»ices, £M) 





Plant and machinery 


Vessel expenditure 


Year 


expenditure in 


in 1967 prices 




1967 prices 






(£M) 


(£M) 






00 


1972 


247 


19-7— 29-6 


1977 


315 


25-2— 37-8 



6.87 A basic assumption in the forecast method has been the extrapolation of the 
trend line in Fig. 6(4) for all plant and machinery expenditure, as opposed to deriving 
trend lines for each of the chemical sub-sectors on an individual basis and thei sum- 
ming the resulting sub-sector estimates. The justification for this procedure is the belief 
that no substantial changes will take place in the period 1965-75 in the mean ‘vessel 
content in equipment expenditure’ percentages (weighted for the relative proportion of 
the total chemical industry market held by each chemical sub-sector). 

6.88 It was noted in Table 6(28) that the weighted mean ‘vessel content in equipment 
expenditure* percentage for the period 1965-7 is 18*5%. An estimate has been made of 
the relative proportion of the total chemical industry output held by each chemical 
sub-sector in 1970, as based on approximate extrapolations (based on Census of 
Production figures for each sub-sector) to determine the growth rate in each sub-sector. 
Whilst plastics and organics have much greater growth rates (about 12% pa) than 
inorganics and fertilisers (about 4% pa), and although these sub-sectors have different 
‘vessel content in equipment expenditure’ percentages, the overall net effect is to pro- 
duce very little change in the mean ‘vessel content in equipment expenditure’ per- 
centage in 1970, its value then being 18* 6%. 



6.89 The importance of vessels varies considaably between the different sub-sectors 
and it was noted above, assuming past trends of developm^it continue, that n^hgible 
change would occur in the mean ‘vessel content in equipment expenditure* pax«ntage 
w^^ted for the whole industry. The figures do su gge st, however, ti^t substantial 
changes may be made in the types of vessels likely to be required as a result of the 
changing pattern of demand between sub-sectors, the change in scale of production, 
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and changes in technology for both chemical processes and for vessel fabrication and 
materials. 

Forecast demand for vessels in chemical process plant: method B 

6.90 For method B forecast the assumption is made that the item ‘plant and machinery’ 
expenditure would continue to grow (linearly) by a constant amount each year. This is 
equivalent to a simple straight-line regression of plant and machinery expenditure versus 
time in years, and the figures obtained from such a regression based on data for the 
period 1950-66 are given in Table 6(36). 

TABLE 6(36) 



Tentative chemical plant expenditure estimates for 1972 and 1977 ; method B 



Estimate 


Year (£M) 


1972 


1977 


Plant and machinery expenditure (1958 prices) 


180 


207 


(1967 prices) 


225 


258 


Other expenditures (1958 prices) 


40 


40 


(1967 prices) 


45 


45 


Total capital expenditure (1967 prices) 


270 


303 



6.91 The forecasts by method B on vessel expenditures for 1972 and 1977 are given in 
Table 6(37). As with method A, a range of ‘vessel cost to plant and machinery cost’ 
percentages has been used (8%-12% is assumed). 

TABLE 6(37) 



Vessel expenditure forecasts for chemical industry : method B (1967 prices, £M) 





Plant and machinery 


Vessel expenditure 


Year 


expenditure in 


in 1967 prices 




1967 prices 






(£M) 


(£M) 






8%-12% 


1972 


225 


18-0—270 


1977 


258 


20*6— 31-0 



6.92 It is probable, on balance, that the assumption of a constant growth rate in 
method A is more likely to occur in the future than the assumption of a constant annual 
increment in growth as used in method B. For example, if the chemical industry grew 
by method B (constant annual increment), the annual growth rates during the period 
1950-77 would be as given in Table 6(38). Since the chemical industry is one of the 
fastest growing sectors of the UK economy, it is reasonable to assume that the annual 
growth rate of this industry would not continue to fall as dictated by method B. 
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TABLE 6(3^ 

ReductioD in annual growth rates of chemical industry by assuming growth by constant annual 
increment (method B) 



Period 


Average annual growth rate 




(%pa) 


1950-54 


7-7 


1960-64 


4-5 


1970-74 


31 


1976-78 


2-6 



Demand pattern for vessels in four major sectors in the UK: past and future estimates 

6.93 The demand patterns for the major demand sectors, as considered m the present 
chapter, are given in Table 6(39) and Fig. 6(6). The estimates are very approximate due 
to the substantial margins of error that arise in methods of ascertainmg demand 
quantitatively. The uncertainty in the demand for vessels is illustrated by the presence 
of lower and upper estimates in the totals figures, which estimates have been derived by 
adding the lower and upper estimates for the four demand sectors respectively. The 
figures given in the table may be interpreted as m i n i m um estimates; for example, a 
figure of possibly £1-2M should be added to the gas industry demand figures between 
1963-8 to allow for LNG storage facilities bought during this period but which have 
not been included as the information was not available. Similarly, there will no doubt 
be certain other vessels that have not been included in the present analysis for the four 
major demand sectors. The magnitude of the total vessel demand quoted in any one 
year may therefore be less than the actual demand. Thus true demand may be nearer 
to or greater than the upper estimates in each year. 

6.94 Whilst the margins of error are substantial, the demand estimates are reasonable 
when considered in terms of relative trends. It is apparent that for most of the period 
1 968-70 demand in the four sectors would fluctuate in the range £40-50M pa, this level 
of demand largely being maintained by the oil refinery building prc^ramme. By 1972 
the major oil industry programme would have been completed and demand for vessels 
in the gas industry would be considerably down. Demand in 1972 would fall to about 
£30-40M; the high level of demand in 1966 only being re-established (by the long-term 
growth trends of the electricity and the chemical industries) by 1977 or thereabouts. It 
must be stressed that a large degree of uncertainty is contained in these forecasts ; they 
should only be used with extreme caution. 

6.95 The forecasts, particularly for the second half of the 1970’s, are very tentative 
and are largely based on assuming continuation of past trends in growth. Within this 
period technological developments could alter the pattern of demand drastically. 

6.96 The trend of vessel demand sug^sts that spare capacity would continue to be a 
problem in the UK vessel fabrication industry as a whole in the short run. Howev^, 
the changing pattern of demand could lead to bottlenecks in certain types of fabricatii^ 
capacity ; conclusions of this nature would have to be based on a more detailed analysis 
of trends in the types of products required in each sector than that made in the present 
chapter. 
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VESSEL DEMAND (£M) 

Fig. 6(6). Vessel demand in the UK for four major user sectors 
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TABLE 6(39) 

Approximate annoal demand for vessels in major sectors in the UK (£M) 



Year 


Gas 


Electricity 


UKAEA 


Oil 


Chemicals 


Totals 


Current prices 
1962 


1-9+ 


2-4 


0-6 


2-4— 3-5 


11-4 


18-7— 19-8 


1963 


2'2+ 


4-4 


0-2 


3-7— 5-3 


10-2 


20-7—22-3 


1964 


2-3-i- 


5*8 


01 


4-0— 5-8 


16-5— 19-0 


28-6—32-9 


1965 


3*9+ 


7-0 


0-1 


3-8— 5*5 


I3.4—16-5 


28-2—33-0 


1966 


6-6-}- 


7-7 


0-1 


6-9— 9-9 


20-6—23-5 


41-9-47-8 


1967 


7-44- 


6-1 


0-3 


14- 1— 20-2 


13-9—20-8 


41-8-54*8 


1967 prices 
1968 


6-2 


4-8 


0-6 


13-3— 191 




_ 


1969 


4*7 


5-4 


— 


11-8— 17-0 


— 


— 


1970 


4-6 


5-4 


— 


11-3— 16-3 


— 


— 


1971 


3-4 


6-1 


— 


2*6— 3-7 


— 


— 


1972 

1 

1 


2*1 


5-2 


— 


2-6- 3-7 


19-7—29-6 


29*6— W-6 


\ 


1-2 


6-1— 9-5 


- 


3-3— 4-7 


25-2— 37-8 


35-6—54-0 



Sources: Gas — Table 6(9) 

Electridty — ^T^lcs 6(18, 19), paragraph 6.53 
UKAEA— Table 6(18) 

Oil— Table 6(23) 

Cbemicals — ^Tables 6(32, 35) 



6.97 One of the major conclusions arising from this demand analysis is the in(a:easing 
dependence of the vessel fabrication industry on the fortunes of the chemical industry. 
In 1966 the diemical industry represented about 50% of vessel demand in die four 
sectors, while heavy organic chanicals represented 30% of the chemical industry’s 
demand for vessels. In 1972 it is apparent that the chemical industry would represoot 
about 70% of vessel demand in the four sectors, while it is estimated that the heavy 
organic subsector would repr^ent about 50 % of the chemical industry’s demand. Urns 
heavy organic chemical’s importance in vessel demand may increase considerably from 
15% in 1966 to about 35% in 1972. It would appear to be in the fabrication industry’s 
best interrats to become more process-oriented, or at least to take steps to be informed 
on likely future developments in the ch^nical industry, and particulariy in heavy 
organics. 

6.98 The estiination of the future demand for vessels in the chemical industry has been 
more difficult to ascertain than in the other sectors and it is dierefore more susceptible 
to error. In view of the greater uncertainty in estimates of future vessel demand in the 
chemical industry, and in view of the increasing relative important with time of this 
industry as a purchaser of vessels, the total v«sel demand estimates are to that extent 
rendered increasingly uncertain as the time-scale used in the estimation is increased. 
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CHAPTER 7 



UK: balance of supply and demand and data on imports/exports 



7.1 It was not possible, during the course of the economic survey, to arrive at a 
complete ‘balance sheet’ of the supply and demand aspects for vessels. To compile a 
supply and demand balance, as an independent check of one against the other, it would 
be necessary to determine independently: the UK output (of vessels both shop and site- 
built); the exports from and imports into the UK; and the UK demand. 

7.2 On output: as a result of the work reported in Chapter 2 the shop and site-built 
output in the UK by pressure vessel fabricators in 1966 is known to within reasonably 
close limits as £73-7M. The supply or output figure of £73-7M relates to vessels 
produced only by pressure vessel fabricators ; it does not include heat exchangers and 
tanks made by non-pressure vessel fabricators. 

7.3 On exports/imports: no representative data could be obtained (in 1967) of the 
levels of UK imports or exports of vessels. Estimates made by the economic survey 
team led to the suggestion that total exports during 1966 were about £6M to £10M (of 
which about fl^M were direct exports from the fabricator), while total imports were 
about £7^M to £11JM implying a negative trade gap of about £UM. However, since 
the figure for the trade gap is within the range of estimating errors, too much attention 
should not be paid towards these estimates. 

7.4 On demand: demand in four major vessel user sectors is considered in Chapter 6, 
and demand for vessels in these sectors totalled £42-48M in 1966. A division of the 
demand data for vessels into demand data for pressure vessels, heat exchangers and 
tauVs was not undertaken, and it is therefore not possible to attempt a balance of supply 
with demand in respect of separate data for each of the three main vessel types. Detailed 
demand analyses for the re maining user sectors (food, brewing etc.) were not attempted, 
but these would probably prove beneficial in terms of further aids to forecasting if 
undertaken. Furthermore, little is known about the patterns of demand for replace- 
ment vessels and for repair work requiring fabricators’ facilities. 

7.5 In terms of availability of import/export data, the position has considerably 
improved since the introduction in January 1968 of new statistical headings in the 
Customs and Excise Lists. The relevant headings include: 



Import headings 
71870 


Export headings 
E71490 


Items 

H^t exchangers (e.g. calandrias, condensers, 
coolers, evaporators, reboilers) 






Process pressure vessels (including autoclaves, 
distillation columns, fractionating columns, 
reactor vessels) : 


71871 


E71492 


for mineral oil refining, 


71872 


E71494 


other 


71873 


— 


Other 
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7.6 In respect of direct exports by UK fabricators, data has been collated from the 
questionnaire returns and this is illustrated in Fig. 7(1). A list of the destination 
countries is given in Table 7(1). 




1962 




1963 1964 



1965 



1966 1967 

(Jon-Jun X2) 



Fig. 7(1). Direct exports of vessds during period 19^-67 




Noles: (a) Tlie figures are based on the 17 fyiTnpariies answering the rdorant question among the 27 companies 
in the pressure vessel output groups III, IV and V that rettimed pilot or revised ^ig quesdmneires. 

(b) Some companies had no direct exports, while scane could not extract figures for direct exports from 
their records. Equally, some companies may have included some expwts made through contractors. 

(c) During the period 1962-67: of PV were exported PV ontpitt group V 

80 % of T were expwted by PV output group IV 
88% of HE were exported by PV output group in 
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TABLE 7(1). List of countries receiving direct vessel exports 

Clhis list is not representative of the UK direct export trade in vessels, as it is 
based on only 1 1 returns for this question) 

Number of Number of 

Country mentions Country mentions 



Australia 


3 


Turkey 


1 


Holland 


3 


Canary Islands 


1 


Iraq 


3 


Nigeria 


1 


South Africa 


2 


Japan 


1 


Spain 


2 


Venezuela 


1 


Yugoslavia 


2 


Libya 


3 


Kuwait 


2 


Hong Kong 


1 


Iran 


2 


South America 


1 


Trinidad 


2 


West Germany 


1 


Eire 


2 


Belgium 


1 


France 


2 


Curacao 


1 


India 


2 


Sudan 


1 


Finland 


2 


Antigua 


I 


Malta 


1 


Israel 


1 


Pakistan 


1 


Italy 


1 


Burma 


1 


Poland 


1 


Mexico 


1 







Tentative balances in 1972 and 1977 

7.7 If the overall UK shop-built vessel demands in 1972 and 1977 behave (relative to 
that in 1966) similarly to the shop and site-built vessel demands in the four major 
demand sectors as illustrated in Fig. 6(6), then UK shop-built vessel demand in 1972 
mi^t be £47M and in 1977 might be £60M (at 1967 prices and on the basis that import 
and export levels remain unaltered). Unless the level of shop-built vessels exported were 
to increase during the period 1966-77, the total demand for UK shop-built vessels 
would at all times during this period probably not exceed the peak vessel demand 
achieved in 1966. Estimates of likely trends in vessel demand for the future enable 
deductions to be made in respect of the anticipated loading upon the vessel fabrication 
industry and, in particular, enable trends in production levels to be assessed. 

7.8 A level of vessel exports at 30% of shop-built production has been achieved by 
several vessel fabrication industries in overseas countries. This is not an unreasonable 
level in relation to the performance of mechanical engineering industry in general, and 
compares with the approximate export level of 15% of UK vessel production in 1966. 
Furthermore, if the trend towards increasing competitiveness by UK fabricators is 
maintained, imports to the UK might be held at the 1966 level of 15% of UK shop-built 
production. An increase in the level of exports to 30% of UK production would then 
require a nett increase in UK production of 15 % which would raise the possible shop- 
built production in 1972 to £54M and in 1977 to £70M. These figures compare with.a 
level of shop-built production in 1966 of £58M. 

7.9 The above very tentative estimates do, however, illustrate the desirability of the 
UK fabrication industry to increase further its exports both through contractors and by 
direct sales. This would appear to be necessary if the industry wishes to maintain or 
increase its gnmial production during the period 1967-77 over that during 1966. The 
one way therefore in which UK vessel production could be raised is by increased 
exports, coupled with maintenance of imports at their present levels. 
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CHAPTER 8 



UK: causes of pressure vessel imports 



8.1 It should first of all be stated that it is not possible to give atxurately the tomu^ 
and value of pressure vessels imported into the UK during 1962-7. This uncertainty 
arises from the absence of suitable detail in the import list statistics of the UK and also 
to the fact that the other sources of information — ^that of the deanand elements of 
contractors and final users — were in some cases unable or unwilling to provide quanti- 
tative information on their sources of supply for pressure vessels. 

8.2 Evidence was taken in the course of the survey from both the representatives of 
the pressure vessel industry in the UK and from the contractors and final us^ who 
clearly were the key to imports. From the standpoint of the ^tish pressure vessel 
industry it is dear that the industry itself was convinced that imports of pressure vessels 
and shell and tube heat exchangers had been running at the rate of about £20M per 
year for the latter period of 1965 and the first nine months of 1966. From the standpoint 
of the findings in this survey it is impossible either to substantiate or refute cat^orically 
these statements but it should be pointed out that from interviews with contractors, 
who procure about 70% of pressure vessels installed in chemical plants in the United 
Kingdom, and with final users the impression was gained that imports were thought to 
be at about half this level. 

8.3 That there have been imports into the UK for some projects of sizeable value is 
undisputable and the reasons have been both commercial and technological. These 
aspects are dealt with in greater detail below. 



Technological aspects 

8.4 It is considered that the main criteria of choice for most UK contractors when 
procuring pressure vessels are price and delivery. This does not mean, however, that 
there is an exclusion of the technological worth of a potential supplier and here the 
engineering element of the procurement departments of both contractors and final 
users play a significant role. 

8.5 A preliminary choice of likely fabricators is, however, made before price and 
delivery become the final selection basis. The choice is fotmded mainly on the technical 
qualifications of the fabricators with regard to the pressure vessels required. The 
technical appreciation results usually from dther past experierui^e with the fabricator or 
his known r^utation, and this may be connected with visits to the faisicatcff’s shops 
in order to obtain a better knowledge of the k.tter’s production methods and c^ganisa- 
tion, with special emphasis upon the quality of work carried out (e.g. weJdmg tedmiques) 
and experience in the use of various steels and alloys. 

8.6 At this early stage, technical considerations may prevail over the commercial 
conditions in so far as the pressure ve^d required may call upcm such sophisticated 
technological know-how that only a limited numb^ of fabricates can be considered 
for the pressure vessel in question. The number of cases whote pressure vessel imptSs 
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were the result of technical considerations was very limited, but it does show that 
British fabricators were not considered (1967) to be technically the strongest candidates 
to make certain types of vessels, althou^li the size of the British pressure vessel industry 
is considered by many international contractors to be second in Europe only to that of 
the Federal Republic of Germany. Some examples of pressure vessels imported are 
given in Annex E — ‘UK demand: qualitative review of UK demand sectors’. 



Commercial aspects 

8.7 Most pressure vessels required do not call upon highly sophisticated fabrication 
techniques or materials so that the final choice of fabricator is made on price and 
delivery. Prices and delivery quoted by the foreign suppliers have from time to time 
proved to be better than those offered by their British counterparts. Furthermore, both 
contractors and end-users have found that on a number of occasions foreign fabricators 
have proved to be equally or more reliable than the British fabricators invited to tender 
for specific jobs. In this context, however, the British pressure vessel industry was very 
heavily loaded for the latter part of 1965 and for the first three-quarters of 1966 and as 
a consequence was less keen on price, slower in tendering, longer in delivery estimates 
and often longer in meeting delivery than many of its Continental competitors, who at 
that very moment and particularly in Italy were suffering from a marked cut-back in 
their own domestic demand. 

8.8 The British-based contracting industry and a number of the significant final users 
imported pressure vessels during the peak period of UK demand in 1966 because they 
were not entirely favourably impressed by the commercial keenness of the British 
pressure vessel industry at that time. Contractors were also frequently under the 
exigencies of time penalty clauses and delays in delivery could not be risked. 

8.9 Apart from the delivery situation, individual cases were noted in 1966 of prices of 
UK fabricated pressure vessels being 20-30% higher than those imported mainly from 
Italy but also on occasions from France and the Federal Republic of Germany. This 
price differential pre^^ed despite a tariff barrier of 15% (14% for heat exchangers) 
and transport costs which could be as much as 10% of a CIF price. In the Chapter on 
‘Foreign Supply — Economic and Technical Factors — Vitaly’ — ^it can be seen that there 
were special conditions which allowed the Italian pressure vessel industry to export at 
very low prices to the UK and there can be little doubt that some Italian pressure 
vessels have probably been ‘dumped’ in the United Kingdom. It was stated by some 
fabricators in Italy that they had been taking export orders at a loss on some occasions, 
deq)ite the large government export subsidies. 



Chauvinism: preference for buying home products 

8.10 There is another factor relevant to the import of pressure vessels into the United 
Kingdom. Contrary to certain commercial prejudices, little evidence was found of 
chauvinism among British procurers of pressure vessels. From interviews with four or 
five international contractors in Continental Europe, there was little doubt that the 
French, German, or Italian final user may make attempts to insist on ‘local hardware’ 
for the overall plant contract with a contractor. This chauvinism on the part of Con- 
tinental European final users tends to be reflected in their national inspection authorities 
who effectively act, in many cases, as an additional defensive screen against imports of 
foreign hardware. An impression was formed that appreciable differentials in price 
and delivery were needed between British and foreign pressure vessel fabricators before 
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orders were placed abroad by UK purchasers. However, there was, at the same time, 
no question of a ‘buy British’ policy by the UK purchasers. 

8.11 At any given time there will always be at least one overseas country 
passing through a mild deflationary period and possessing a strong pressure vessel 
industry. If this pressure vessel industry was also tied closely to steel producers, there 
would be a strong temptation on the part of steel producers, in order to keep total 
output high, to sell steel plate fabricated as pressure vessels, even though the profit 
margin on the vessel may be zero or negative. 

8.12 One can understand the position of the chemical contractor and the final user 
in the United Kingdom who clearly wished to take advantage of the cheapest reliable 
source of chemical plant available. In the long run, however, the fabrication industry 
could be harmed and this would not benefit British pressure vessel users. Although it 
may be tempting to compare the situation in pressure vessels with that of British ship- 
owners who placed orders abroad in Japanese and Swedish ship-yards, the parallel 
was not justified. In the pressure vessel industry, there was no evidence that the organisa- 
tion of French, Italian, German or Swedish fabrication shops off^ed any production 
cost advantages over the better British shops. 

8.13 The consequences of substantial pressure vessel imports on the British pressure 
vessel industry could be harmful. In the trouts of the demand cycle the pressure vessel 
industry had to lay off men, particularly skilled platers and welders. When demand 
picked up again it was very difficult for the fabricator, due to the tightness of the labour 
market for the skilled welder and plater, to increase rapidly his capacity due to the 
difficulty of labour recruitment. The fabricator was thus thwarted by the trough and 
could be unable, due to labour conditions, to expand again when demand increased. 

8.14 It is hard to perceive a solution for this vicious cycle because in a sense all West 
European pressure vessel industries are faced with these same problems. However, in 
Great Britain’s case the pressure vessel industry received less governmental aid in 
exporting its products in moments of slack home demand than, for example, its Italian 
counterparts. In addition, through a combination of factors, less protection of the home 
market was given to British fabricators. 

8.15 The ‘education’ of the demand sector can be achieved partly internally within 
the contracting and final user industries and this can also be stimulated by the pressure 
vessel fabricators themselves by the use of: qualified engineering representatives; visits 
by contractor and final user buyers to the fabrication facilities of a pressure vessel 
fabricator, etc. However, given an inevitable cyclical demand pattern and the difficulties 
the heavy fabrication industry faces in increasing capacity rapidly, there can be no real 
solution to the problem of imports. Moreover, technological change and pure chance 
(for example, the discovery of natural gas in the North Sea) can completely transform 
the capital plant requirements of a large industry. 

8.16 The following measures are suggested as examples of actions that might help to 
alleviate the problem: 

from fabricators (in conjunction with the trade unions): 

more flexibility in shop planning both from the standpoint of equipment and labour 
(less demarcation to provide flexibility in manpower); 

a greater understanding, from market research, of the markets to anticipate 
demand changes in both volume and type; 

greater export activity, with the technological innovation which this implies; 
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from final users 

a greater understanding of the problems imposed upon the fabricator when he 
faces rapid fluctuations on his order book; 
greater communication between final user and fabricator; 
a more orderly scheduling of chemical plant investment. Secrecy must needs 
shroud the intentions of chemical companies planning to produce chemicals or 
increase capacity, but speed will be required in the erection of the plant following 
sanction. Neither of these requirements at company level would be incompatible 
with a statement of the sum of required fabrication capacity from the relevant 
sub-sectors of the chemical industry as a whole; 

from the chemical contractor: 

the buyer should take into account the technical strength of a fabricator and not 
necessarily limit buying policy to price and delivery; 

a buying policy designed to give continuing orders to the most efficient and 
advanced fabricators in the industry should help them to improve their planning 
and reduce costs and could be to the advantage both to the fabricators concerned 
and the contractors themselves ; 

from the public sector: 

the harmful effects of ‘STOP : GO’ policies on capital plant manufacturers could 
be alleviated by improvements in the long range planning of capital investment by 
the public sector. 
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UK; factors affecting the export of pressure vessels from the UK 



9.1 It may be stated with reasonable confidence that less than twenty British pressure 
vessel fabricators have exported direct — i.e. without selling their pressure vessels to 
British based contractors who would then export in the form of turnkey plants — in the 
last few years, out of a total of more than 250 companies who had produced pressure 
vessels. 

9.2 The reasons for the small quantity of direct exports were not hard to seek and may 
be summarised as follows; 

there was a trend, which would probably increase, for all countriw to insist on the 
maximum of locally built hardware for any chemical plant put down in their country. 
As pressure vessels were generally not of a very high degree of technological ii^>ut, 
most nations with some industrial development were able to manufacture un- 
complicated mild steel vessels; 

the further reasons concerning the situation prevailing in a number of British pressure 
vessel fabricators : 

only a few had international operations and many were not ‘export minded’; 
many had not the resources individually to mount the exploration and selling 
effort needed; 

most had not joined together with other British fabricators to form export com- 
panies (to share costs) for attacking overseas markets; 

British pressure vessel prices had not been entirely competitive in as many instances 
as were desirable due to steel pricing policy, productivity and transport costs; 
very few were in contact with the overseas contractors who, as in the United 
Kingdom, were important intermediary procurers of pressure vessels. 



9.3 The modest size of direct exports need not matter so much provided the contractor 
exports were large. How'ever, the British based contractor, who was not usually tied 
to any hardware facility and who wished to compete internationally, was obviously 
anxious to get in a tender as low as possible and, therefore, placed his pr^sm^ vessel 
order with the lowest acceptable pressure vessel quotation. He had some restraint in 
ECGD with its insistence on the highest possible portion of British hardware, but where 
the contractor could show that the British fabricating industry could not meet tedi- 
nological requirements, or that the use of British hardware would mean the Ic^ of a 
complete contract, the necessity to use British hardware could be waived. Normally up 
to 30% foreign content was agreed if the contractor believed it might lore tlw entire 
contract. 

9.4 In this context it should be noted that a number of examples were given by British 
contractors of the very low prices during 1966 from foreign pressure vwsel fabrKators 
as well as good delivery times. This was possibly understandable for plants to be erected 
in the EEC, but for ‘neutral’ territories (siKh as Spain, Finland and Africa) foreign 
quotations had been 15-30% lower than those from the UK in 1966. An increase in 
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pressure vessel exports via contractors would arise when British pressure vessel fabric- 
ators were in a position, as a technically advanced and well-organised industry, to make 
an adequate contribution to the export selling of the British contractors. The view of 
the latter in 1967 was that British fabricators should make substantially more effort 
in this direction. However, the UK pressure vessel industry was more competitive on 
price in 1968 following a reduction in home UK demand. 

9.5 A number of contractors and fabricators considered the British inland transport 
system contributed to higher prices, and the position may be worsened by the new 
transport regulations. Others stated that British ports — for reasons not readily apparent 
— seemed to represent considerable bottlenecks for exporting large and heavy vessels 
but not for their import. 

9.6 The British chemical contracting industry has had notable success in overseas 
markets. There were further considerable areas of the world in which the industry had 
not yet been active such as, for example, Latin America and the United States. In the 
context of exports there should be more contact between British based contractors and 
the fabricators. Both ultimately had the same market interest being dependent upon the 
locating and obtaining of contracts for construction of chemical and allied industrial 
plants. Contractors were asked during the survey whether they would be prepared to 
carry out joint market research with fabricators; in nearly every case no receptive 
comment was received. 

9.7 During the survey the various associations were consulted which group the sup- 
pliers of equipment to the oil industry, gas industry and chemical industry, together 
with, of course, the specialised association which groups most of the significant pressure 
vessel fabricators. Meetings were also arranged with the British National Export 
Council and two organisations which specialised in the organisation of export credit 
for British capital plant. 

9.8 There was a certain fragmentation and overlapping in the size and role of these 
associations and their work was insufficiently co-ordinated. Each was individually 
doing an efficient job but their overall utility could be increased if there were more co- 
ordination between the various organisations. The fragmentation also implied that 
there was no single organisation large enough to carry out the market intelligence 
function on the same scale as, for example, the VDMA and the Fachverband Dampf- 
kessel-Behalter und Rohrleitungsbau in the Federal Republic of Germany. 

9.9 The following paragraphs provide a few suggestions for possible action. 

9.10 First, a list is given in Annex G of significant chemical contractors in the Western 
World and alongside each is indicated the possession or otherwise of heavy fabrication 
facilities. The first approach for any fabricator wishing to export to any of the listed 
countries should be to make known his competence to the contractors in the appropri- 
ate country. 

9.11 Secondly, to overcome the limiting size and resources of many fabricators, 
consideration might be given to the formation of an active Export Council; possibly 
within the Tank and Industrial Plant Association, which could act as a stimulant to the 
formation of an export company for a group of members, with salesmen, overseas 
offices and/or agents. This policy could complement the Market Information Service. 
Alternatively, an Export Council for Process Plant might be created to deal with all the 
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equipment required to construct process plant. Each product sector (pressure vessels, 
pumps, pipes etc.) could be dealt with separately at the detailed level but the advantage 
of scale of operation and co-ordination would not be lost. 

9.12 Thirdly, although no survey has been done in the United Kingdom at govern- 
mental level into the relationship between added value and export pCTformance for the 
mechanical industries, the standard mild steel pressure vessel was not a product of hi^ 
added value and it incurred high transport charges in relation to its value. BettCT 
organisation for exportii^ should be complemented by the continued strive for innova- 
tion whether it be in design or in the use of newer mataials for pressure vessels. There 
are ample technological resources in the United Kingdom and all the necessary know- 
how with regard to stainless steel, clad steels and the newer metals such as titaruum and 
zirconium, upon which to base a substantial export-orientated section of the British 
pressure vessel industry. This could make a substantial difference to the work load of 
companies that had the desire to proceed along these lines. 

9.13 Fourthly, an essential change must be one of attitude. Exporting is complicated, 
but the managements of many pressure vessel fabricators were not export-orientated, 
and a major change of attitude would be needed if there were to be any shift in the 
considerable depaidence of British fabricators on the fluctuating demands of the 
British home market. This change of attitude towards exports should go Imnd in hand 
with engineering innovation which should be combined with development of: work 
programming, shop control, proper sequencing of material procurement, and flexibility 
in labour. 

9.14 Fifthly, there was no doubt about the first class service of the ECGD. The ECGD 
offered facilities comparable with those prevailing in, for example, France and the 
Federal Republic of Germany. Export credit facilities in London were good, and there 
was a wide range of specialist organisations for the export of capital equipment. Whilst 
the general know-how of the City of London backed by ECGD guarantees could make 
it possible for British exporters of capital plant to offer terms comparable with those of 
other major capital plant exporting countries, it is felt that the creation of a large-scale 
UK Export Credit Bank could rapidly help the UK as a leader in the export of pressure 
vessels. 
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Fore^n supply : output 



Output: France 

10.1 No detailed statistics are available on pressure vessel output in France. No 
separate figures for pressure vessels were found in published sources, and a specific 
enquiry to INSEE — Institut National de Statistiques et des Etudes Economiques 
(France’s central statistical office) only yielded some figures for 1962. The Syndicat 
National de la Chaudronnerie, de la Tolerie et de la Tuyauterie IndustrieUe — the 
French equivalent of TIPA — itself either did not have, or did not wish to disclose, this 
data. 

10.2 The published data on boiler and pipework is given in Table 10(1). 



TABLE 10(1) 

Heavy boHerwork output: France 



Product 


Unit 


1961 


1962 


1963 


1964 


1965 


1966 


Boilers 


Tons 


29,200 


26,100 


19,900 


26,400 


19,500 


38,700 


Material for the 
















petroleum industry 


Tons 


103,900 


96,400 


100,300 


124,300 


116,200 


125,000 


Other materials 


Tons 


268,500 


280,800 


286,700 


285,000 


266,000 


314,000 


TOTAL TONNAGE 


Tons 


401,600 


403,300 


406,900 


435,700 


401,700 


477,700 


TOTAL VALUE 


FF.m. 


1,658 


1,772 


2,044 


2,070 


2,130 


2,270 



Source: Ministry of Industry, Paris 



10.3 The above data concerns the output of 900 companies, employing about 40,000 
workers. The Syndicat National also gave a figure of 450,000 tons as total output for 
1966, which agrees with the Ministry of Industry’s statistics in the table. 

10.4 Heat exchangers were exported into many different countries, mainly in Western 
Europe, while about 60% of imported heat exchangers were bought in the Federal 
Republic of Germany. An indication of the output and trade of heat exchangers in 
1966 was also obtained from the Syndicat National; 

production : FF 130 to 150 million 

export : FF 71 million 

import : FF 47 million 

10.5 According to the Syndicat, the industry bought 255,000 tons of steel plate from 
the French steel industry in thicknesses of more than 3 mm, and 25,000 tons of alloy 
steel, i.e. stainless and refractory steels. 
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10.6 France’s total pressure vessel output in 1966 was estimated at about £40M, 
according to a consensus of informed opinion by a number of fabricators. 



Output: Fed^l Republic Ganatany 

10.7 Apart from process heat exchangers, no available statistics were found on output 
of individual products either in tonnage or in value. Published statistits provided only 
overall figure, and the data of Table 10(2) were obtained by a specific enquiry to the 
Federal Republic of Germany’s Central Statistical Office in Wiesbaden. Only the trade 
associations could provide more details but these were classified as confidential to 
members. 



TABLE 10(2) 



Heavy boQmvork prodaction: Federal Republic of Germany 



— Year 

Product 


1960 


1961 


1962 


1963 


1964 


1965 


1966 


PRODUCTION IN *000 TONS 
Boilers and accessories 


98-6 


98-2 


107-0 


101-6 


107-6 


131-8 


131-3 


Heat exchangers for superheating 


4-5 


5-3 


6-1 


8-1 


5-7 


6-7 


7-0 


Process heat exchangers 


4-4 


5.2 


6-0 


7-3 


7-8 


9-4 


9-7 


Explosion-proof tanks and 
accessories, evaporators and 
vacuum apparatuses 


10- i 


10-6 


12-4 


n-8 


11-5 


12-9 


9-5 


Various pressure vessels and 
tanks for the chemical and 
allied industries 


202-7 


205-3 


203-8 


191-1 


179-3 


206-4 


210-6 


Total tonnage in ’000 tons 


320-3 


324-6 


335-3 


319-9 


311-9 


367-2 


358-1 


PRODUCnON IN £m 

Boilers and accessories 


30- 1 


34-3 


37-7 


37-6 


40-2 


51-0 


48-7 


Heat exchangers for superheating 


1-6 


2-0 


2-5 


3-4 


2-6 


3-1 


3-27 


Process heat exchangers 


2-0 


2-4 


2-8 


3-3 


4-5 


4-9 


5-7 


Explosion-proof tanks and 
accessories, evaporators and 
vacuum apparatuses 


2-9 


3-4 


3-9 


3-8 


4-0 


4-8 


4-9 


Various pressure vessds and 
tanks for the chemical and 
allied industries 


33-4 


35-4 


35-5 


33-2 


33-1 


39-8 


42-4 


Total value in £M 


70-0 


77-5 


82-7 


81-3 


84-4 


103-6 


104-9 



Source: Stadstudw Bundesaatt. Note *beavy bcuierwork producrioa’ oa the contfnent mean* ‘heavy 
fabricatioQ production’ and includes not oidy i^oduction of boilers but then* a cc essories as as 
tanks, beat exchangers, pressure vessels, etc. 
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10.8 The vessel content of the total output in the above table was estimated by a brief 
engineering appraisal of the German chemical engineering industry, which suggested 
the following: 

Boilers, about 65 to 70% of the tonnage, and 50 to 60% of the value indicated; 

Heat exchangers for superheating, as part of major boiler installations, the same as 
for boilers ; 

Process heat exchangers, almost 100%; 

Explosion-proof tanks, etc., similar to pressure vessels; 

Various pressure vessels and tanks, 50 to 60% of the tonnage and 70 to 75% of the 
value indicated. 

10.9 These percentages permitted reasonable estimation of vessel content in heavy 
boilerwork production. Combined with foreign trade statistics, the export position was 
also obtained as shown in Table 10(3). 

TABLE 10(3) 



Imports, exports aod balance of foreign trade in heavy boilerwork 





1964 


1965 


1966 




tons 


£’000 


tons 


£’000 


tons 


£’000 


IMPORTS 

Tanks more than 300 1 


5,600 


1,180 


8,700 


1,460 


7,800 


1,290 


Insure vessels for liquid 
gases 


2,100 


436 


3,000 


693 


4,500 


982 


Boilers 


1,200 


584 


1,100 


527 


800 


264 


Total imports 


8,900 


2,200 


12,800 


2,680 


13,100 


2,536 


EXPORTS 

Tanks more than 300 1 


24,500 


5,180 


23,600 


4,940 


23,900 


5,060 


Pressure vessels for liquid 
gases 


20,900 


4,340 


19,800 


4,430 


20,200 


4,830 


Boilers 


34,800 


12,580 


37,700 


14,870 


37,400 


15,690 


Total exports 


80.200 


22,100 


81,100 


24,240 


81,500 


25,580 


(Exports - Imports) 
net trade balance 


71,300 


19,900 


68,300 


21,560 


68,400 


23,044 



Source: National Foreign Trade Statistics, Federal Republic of Germany 



10.10 The above table contains what appears in the Federal Repubhc of Germany’s 
Foreign trade statistics as imports and exports for vessels. There may be some exports 
and imports ‘hidden’ in other headings of the country’s foreign trade statistics. The 
method used for determining the vessel content of heavy boilerwork exports is the same 
as that used for the Federal Republic of Germany’s pressure vessel production, i.e. a 
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(vessel/boilerwork) ratio, expressed as a percentage, was derived from the estimates of 
the pressure vessel content in the various process plant listed under Table 10(2). A 
weighted average figure was obtained for application to the totall«i ‘tonnage* and 
‘value’ export data. The results are shown in Table 10(4). 



TABLE 10(4) 

The eiqrart factor in the Federal Republic of Germany’s vessel output 



Product 


( Vesse 
' Boilerw 


\o/ 

ork j 


1964 


1966 


On 

tonnage 

(%) 


On 

value 

(%) 


Tonnage 

(tons) 


Value 

(£M) 


Tonnage 

(tons) 


Value 

(£M) 


Boilers 


6fi% 


55% 


71,000 


22-2 


86,000 


26-8 


Heat exchangers for 














superheating 


66% 


55% 


3,800 


1-4 


4,600 


1-8 


Process heat exchangers 


100% 


100% 


7,800 


4-5 


9,700 


5-7 


Pressure vessels and tanks 


55% 


75% 


105,000 


27-8 


121,000 


35-4 


Total production 






187,600 


55-9 


221,300 


69-7 


Exports 


65% 


66% 


52,100 


14-6 


53,000 


16-9 


exports/total production 
% 






27-8 


26-2 


24-0 


24-3 



10.11 Table 10(4) shows that exports as a percentage of total production, calculated 
on a value basis, has fallen sli^tly from 26% in 1964 to 24% in 1966. Furthermore, 
this was accompanied by a greater reduction in the percentage tonnage exported, 
implying that during the period 1964-6 there was a trend towards the export of vessels 
of higher value per ton. The 24% exported by the boilerwork industry compares 
slightly unfavourably with the performance of 25-27% of the Federal Republic of 
Germany’s capital goods industry as a whole. 



Output: Italy 

10.12 Italian production of boilerwork in 1966 was 150,000 tons, of which it is 
estimated 60,000 tons related to vessels. In cash terms, of the 1966 boilerwork pro- 
duction of £34M, about £18M related to vessels. 

10.13 Table 10(5) shows figures from 1963, with estimates up to 1970, for production 
of all general boilerwork: the percentage of vessels is not in^c».ted by the figures, but 
these do nevertheless give a general impression of trends. (An even clearw indication 
of trends is shown by the curves in Fig. 12(1).) The source for all these figures, including 
imports and exports, were the anmifll reports of ANIMA (Italian Association of 
Miscellaneous Mechanical Manufacturing Industry) as estimated, collated and pub- 
lished by CONFINDUSTRIA, and are not official statistics. All the figures, including 
imports and exports, relate to the boilerwork as d ef i n ed at the bottom of the table. 
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10.14 Export of boilerwork in general during 1966 amounted to £6M or 17% of total 
production of £34M. The proportion of vessel production exported was probably 
higher than the general figure of 17% as it is a more specialised product (higher value 
per ton). As the exact figures for export of vessels (as opposed to boilerwork in general) 
were not known, the minimum export figure was obtained by assuming that the same 
percentage (1 7 %) of vessel production was exported as for boilerwork production; this 
gave £3M. The maximum export figure was obtained by assuming that the total boiler- 
work exports in 1966 of £6M were all vessels. This gave a percentage of 32 % as the upper 
limit for exports of vessels during 1966. The actual level of vessel exports in 1966 was 
probably mid-way between the upper and lower limits, i.e. at 25 ±7 %. 



TABLE 10(5) 



ProdactioQ of boflerwork** in Italy 





1962 


1963 


1964 


1965 


1966 


1967 


1968* 


1969* 


1970* 


Capacity (billion lire) 




84 


88 


90 


95 


120 


120 


125 


125 


Capacity - utilisation ( %) 


95 


95 


78 


61 


63 


65 


72 


70 


69 


Production (tons - ’000) 


205 


223 


166 


130 


150 








_ 


(billion lire) 


73-8 


79-6 


68-8 


55 


60 


72 


86 


88 


86 


(£M) 


— 


45 


39 


31 


34 


41 


49 


50 


49 


Employed (’000) 
Fixed investments 


— 


— 


— 


— 


9 


9-6 


10-2 


10-3 


10-4 


(billion lire) 


— 


_ 


— 





2 


6-2 


7-3 


7-5 


5-3 


of which: renewal 


— 


— 


— 


— 


0-8 


1-4 


1-6 


1-7 


1-3 


new net 


— 


— 


— 


— 


1-2 


4-8 


5-7 


5-7 


4-0 


Geographical distribution 
of production: 




















Centre+North (%) 


— 


— 


— 





95 


95 


92 


90 


90 


South +Islands ( %) 


— 


— 


_ 


— 


5 


5 


8 


10 


10 


Imports (billion lire) 











4-6 


2-4 










Exports (billion lire) 


— 


— 


— 


7-1 


10-0 


— 


— 


— 


— 



• £stiaa&te 



Includes: pressure vessels, reservoirs, cisterns, tubes, tanks and other similar containers having a capacity 
of over 500 litres, made of cast iron, iron or steel (rough surface, polished, or however finished, 
also by cladding or coating by other products) ; 

metal construction in iron or steel, parts and fabricated elements (not including general steel 
structural work, ie ‘carpenteria' which comes under a separate heading); distillation columns, 
heat exchangers, etc. are included in this heading (machines and equipment for the chemical 
industry, ie lighter manufactures, come under a separate statistical heading); 
ste^ boilers (heavy shell internally fired, flue tube, multitube or forced circulation); steam 
boiler auxiliary equipment; steam boiler parts and components. 

Source: CONFINDUSTRIA— 'Approximation; 1 bilIionlir8=£0*6M 



Output: Sweden 

10.15 The only statistics available on vessel output concern the production of boilers 
which developed between 1961 and 1965, and these are given in Table 10(6). The 
production of vessels, ie the vessel content of heavy boilerwork output, has beeai estim- 
ated at £4M in 1966. 
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TABLE 10(6) 

Boiler production: Sweden 



Year 


1 

i 1961 

! 


1962 


1963 


1964 


1965 


Production of boilers 


1 5,900 


6,880 


7,320 


7,070 


7,470 



Source: Swedish Central Statistical Office 



10.16 Foreign trade statistics are, however, available for boilers and pressure vessels 
and these are given in Table 10(7). 



TABLE 10(7) 



Imports and exports of boilers and pressure ressels: Sweden 

(£’ 000 ) 





1962 


1963 


1964 


1965 


1966 


IMPORTS 












Boilers 


910 


680 


550 


630 


360 


Pressure vessels 


180 


290 


410 


470 


53 


EXPORTS 












Boilers 


1,420 


1,050 


720 


620 


570 


Pressure vessels 


47 


146 


95 


152 


36 



Source: National Foreign Trade Statistics 



1 0. 1 7 The net exports for boilers as a percentage of total boUer production was about 
10% in 1962, but in 1965 Sweden became a net importer of boilers. In comparing the 
value of pressure vessel exports to the estimated turnover, the raport factor for pressure 
vessels (not taking account of imports) appeared to have be^ si^ficantly lower than 
10%. Imports of pressure vessels have however been considerably higher than exports 
throughout the period in question, and Sweden is therefore a net importer of pressure 
vessels. 



Output: Japan 

10.18 Insufficient data on output could be found in publications available in Europe, 
and no information could be obtained from Japanese profKsional sources. The follow- 
ing data in Table 10(8) was obtained from the Ministry of International Trade and 
Industry, Tokyo. 



10.19 Total output in value has been fairly stable. The ^^ues of production of the 
various types of pressure vessels in the table compared to thdr respective numbers built 
would imply a deo^ase in avw^ge price per v«s^ althou^ such a statement mtist be 
cx^nsidered with care because information on the individual size and quality of the 
ves^ls produced was not available. 
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TABLE 10(8) 

Japanese vessel ou^t 1964-1966 
(Values in £, calculated at the conversion of £1 per Y 1,000) 



Product 


1964 


1965 


1966 


Reaction vessels £ 

No. 


9,951,058 

3,509 


9,949,644 

5,259 


11,201,361 

7,769 


Evaporators and crystallizers £ 

No. 


2,066,922 

857 


3,247,609 

880 


2,585,544 

887 


Distillers plant £ 

No. 


5,067,258 

396 


5,597,639 

621 


5,714,809 

532 


Extractors £ 

No. 


1,968,623 

310 


1,874,875 

331 


1,419,369 

239 


Tanks for chemical equipment £ 

No. 


14,865,657 

15,684 


13,727,512 

19,094 


13,922,274 

18,487 


Heat exchangers (shell and tube) £ 

No. 


10,638,224 

10,554 


11,040.711 

9,571 


10,818,365 

10,615 


TOTAL VALUE £ 


44,899,884 


45,437,990 


45,661,722 



Source: Ministry of International Trade and Industry 



TABLE 10(9) 

The production of boilers in Japan 
(Finished goods for general use) 



Year 


Quantity (No.) 


Capacity (t/h) 


Value (£M) 


1961 


4,835 


14,078 


32-44 


1962 


5,299 


16,811 


36-37 


1963 


6,404 


21,615 


52-13 


1964 


8,249 


21,211 


41-25 


1965 


7,502 


21,779 


42-22 


1966 


8,585 


24,470 


43-45 



Source: MITI 



10.20 It is estimated that between 20% and 50% of the output value of boilers given 
in Table 10(9) corresponds to vessel production. The value of the country’s total vessel 
production in 1966 may thus be considered as amounting to between £54M and £67M. 
Tliese production statistics may however be incomplete, and this becomes evident 
when comparing these figures with exports of heat exchangers as given in Table 10(10). 
According to these, from a production of £11M (see Table 10(8)) more than £16M of 
heat exchangers appear to have been exported in 1966. This inconsistency was probably 
due to the fact that the h^t exchangers listed under Table 10(8) were the heavier tube 
and shell type, whereas in Table 10(10) process heat exchangers and parts probably 
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concerned complete (and components for all types of) heat exchange. Howev«', the 
export figures — although the products whidi they contain may not be completely 
relevant to this study — do show the strong export trade of Japan. 



TABLE 10(10) 

Tank and beat exchanger exports by Japan 



Product 




1962 


1963 


1964 


1965 


1966 


Tanks and simihir containers 


Tons 


2,650 


8,190 


17,900 


56,930 


83,800 


in iron and steel 


£’000 


420 


1,200 


1,320 


2,040 


3;430 


Process heat exchangers and 


Tons 


1,620 


3,960 


5,040 


14,070 


32,920 


parts 


£’000 


793 


1,520 


2,985 


7,890 


16,540 



Source: National Foreign Trade Statistics 



10.21 According to Japanese foreign trade statistics and to the Ministry of Inter- 
national Trade and Industry, imports of pressure v^sels were n^gible. There may have 
been, however, some significant ‘hidden’ imports of pressure vessels, k as part of 
imported plant and machinery installed in turnkey plants, 

10.22 Shipbuilders play a prominent role in the manufacture and export of heavy 
machinery and plants and appliances. Overseas orders for chemical plants recdved by 
the Japanese industry during the period April, 1964-March 1965 totalled £670M, of 
which the share of the country’s eight leading shipbuildere amounted to 41 %- Orders 
for chemical equipment (oil tanks, pressure vessels, towers and columns) in the san« 
period totalled £I4M of which the eight shipbuilders received 40%, ie £5-6M. 
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Outline of French pressure vessel industry 

11.1 France’s boilerwork industry as a whole consists of 704 companies, and its 
structure is illustrated in Table 11(1). The main conclusions that can be drawn from 
the table are the following: 

there are a great number of small companies : 74 % of the total number of companies 
have less than 50 employees, occupy 26% of the industry’s manpower, and produced 
29% of the industry’s turnover in 1966; 

87% of companies have less than 100 employees (45% of total) and produced 48% 
of total turnover; 

only 38 companies (5-4%) have more than 200 employees (40%) with 34* 8% of the 
industry’s total turnover; 

there is a relationship between the size of a company and its turnover per employee; 
the ratio (turnover: employee) is the highest with small companies. No explanation 
is attempted here as to why the TO (turnover) per employee should fall substantially 
as the size of the individu^ company inCTeased. This result would, on the face of it, 
appear to counter arguments that large industrial companies had a higher productivity 
than small companies. 



11.2 According to CPCT there are 181 companies employing 17,800 people classified 
as specialising in welded construction. No detailed data was av^able on the size of 
companies in this sector. Moreover, it appeared that a number of large companies 
fabricating a significant part of the country’s pressure vessel output, were not amongst 
the 181 specialised boilerwork producers. There were also a few small and medium-size 
companies not included in these 181 companies. 



11.3 The main geographical concentration is in the Paris area, while other important 
concentrations are in the region of the Massif Central and Lyons, and in the North and 
North-East (where iron and steel and other heavy industries were situated). Three 
important fabricators are near maritime ports ; Chantiers de I’Atlantique at St. Nazaire; 
Brissonneau et Lotz (the locomotive manufacturer) at Nantes; and Constructions 
Metalliques de Provence with fabrication units at Arles near the Mediterranean, and at 
Dunkirk. 



11.4 The French pressure vessel industry can therefore be seen to be characterised by 
a large number of small companies with only a few of the larger of intemation^ 
significance. About ten to fifteen fabricators are responsible for more than 50% of 
output. Of these large companies, about one-third are linked to major steel groups. The 
others are mainly members of major equipment groups, some of whom have chemical 
engineering contracting associates. One company only stands out due to the strength 
of its direct exports. 
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TABLE 11(1) 

Structure of French boilerwork industry(^) 



T.O. per 
emp!oyee(2) 


54 490 
57 532 
47 405 
i 49 347 
44 676 
44 861 
32 383 


1 




o^ VO 00 rt VO 

VO ^ oo r^ o ^ 


001 


Total 

T.O.(i) 


51 658 
119 495 
355 440 
336 500 
309 561 1 

363 777 
261 783 1 


N- 

rN 

oo 

os 


Exports 




10 

4-2 

12-4 

1 

12-9 

10-3 

52-3 

7-0 


100 

1 


d 


1 315 
5 273 

15 678 

16 339 
13 038 
66 185 

8 821 


126 649 




O 00 m rs CO 00 ^ 

rn vb o ^ 

rs —1 


100 , 


T.O. 

France 


, 50 343 

114 222 
339 762 

320 161 1 

1 

296 523 

297 592 
252 962 


1 671 565 




ro r- r*- oo oo VO 

Ov r~ fO ^ 

-H f<l 


§ 


No. of 


I 

1 


O ov O O 

«n m 

^ IN 


704 


Companies’ 
No. of employees 


up to 10 
11 to 20 
21 to 50 
51 to 100 
101 to 200 
201 to 500 
+500 

TOTAL 
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(1) =thousands of francs 

(2) = francs 

0) = average for whole industry 

(4)s:*Boiierwork' here means 'heavy fabrication industry’ 

Source: Centre de Productivit4 de la Chaudronnerie et de la T6lerie—CPCT— Paris 1967 
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11.5 French pressure vessel fabricators may be divided into three groups according to 
their output of pressure vessels: 

Large Output. The ten to fifteen companies in this category are responsible for the 
bulk of French pressure vessel production. Although no precise figure can be given 
for their share in French pressure vessel output, their overall importance may be 
rated as more than half of the industry’s, since they are representative of the country’s 
activities in the pressure vessel field, especially concerning international competition 
in France and abroad. A selection of companies in this group are : 

Constructions Metalliques de Provence; 

Schneider — Creusot ; 

Society Franco — Beige SA; 

Vallourec; 

Compagnie des Ateliers et Forges de la Loire; 

Brissonneau et Lotz; 

Lorraine — Escaut; 

Qiantiers de I’Atlantique; 

S.F. de C. Babcock et Wilcox; 

Babcock — ^Atlantique; 

Stein et Roubaix. 

Medium Output. The companies in this group are of secondary importance in French 
pressure vessel production, although it does altogether produce about one-third of 
the total French output. 

Small Output. Among other companies, either of smaller size or with less interest in 
pressure vessel fabrication, there are about 40 companies claiming to be active in the 
pressure vessel field — according to their appearance in the yearbook of the French 
petroleum, natural gas and petrochemical industry (plant and equipment) manu- 
facturers. 



11.6 Brief notes on a selection of large and medium size French pressure vessel 
fabricators are given in Annex H. 



Ontline of the Federal Republic of Germany pressure vessel industry 

11.7 No satisfactory definition was found for the German pressure vessel industry 
either in terms of products (statistics) or in terms of companies. The least diflBcult group 
to define in the pressure vessel industry was the boilermakers, especially the fabricators 
of smaller boilers. The presence of association membership could help to determine 
whether a given company’s main specialisation was in conformity with the association’s 
profile, but many companies belong at the same time to several associations. Apart 
from two other specialised associations, most pressure vessel fabricators belong to the 
VDMA, grouping all the mechanical industries in Germany, the different sections of 
which embrace also practically all the metallurgical companies. Most of the 22,000 
companies of the capital goods industry are members of VDMA through one or 
several of its Fachgemeinschaften. Most boilerwork makers are, moreover, membem of 
the boilermakers’ and/or vesselmakers’ associations. 
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11.8 Data on the Federal Republic of Germany’s capital goods and boilerwork 
industry is given in Table 1 1 (2), and is drawn from the VDMA industrial caisus carried 
out in the Federal Republic of Germany in 1963, and gives data for 196Z 



TABLE 11(2) 

l>ata on the Federal Republic of Germany’s coital goods and boilOTFork industry in 1962 





A 


lII companie 


s 


of w 
compan 
more 
10 emi 


hich 

ies with 

than 

loyees 


No, of 
companies 


Total 
No. of 
employees 


Total 

turnover 

(£M) 


No. of 
companies 


Share (%) 
intot^ 
turnover 


Capital goods industry, total 


21,908 


3,531,000 


10,477 


13,833 


99-3 


of which 












Boiler, vessel and pipework 












industry 


381 


68,200 


193 


284 


99-2 



Source: Statistisdies Bundesamt. Zensus im Produzierenden Gewerbe, 1962 



11 .9 As to the geographical location of the industry, small and medium-size companies 
are spread all over the country. The large companies are, however, mainly located in 
the Ruhr-Rhine area (with the major exception of MAN, Augsburg) the greatest 
concentration being in the heart of the Ruhr itself. A considerable part of domestic 
demand for pressure vessels is concentrated in the same region, as well as the raw 
matmal sources. The advantageous transport costs and facilities offered (e.g. com- 
munication, trained manpower, infra-structure) in an area with suds highly concentrated 
industrial activities, more than offset the effects of higher wages and salaries, scarcity of 
land, etc. The advantage of installing pressure vessel shops on the Rhine is obvious in 
view of the water transportation facilities for exporting pressure v^sels (e.g. Klodcner- 
Humboldt-Deutz and Pintsch-Bamag). 

11.10 There is a wide variety of large, medium-size and small companies, although the 
more important to be considered are the large companies, for they are all active on 
international pressure vessel markets as well as on the German market, their competitive 
position being usually enhanced by horizontal integration as well as, in most cases, an 
important vertical integration. Further comments on large integrated companies are 
given below. 



11.11 The large integrated companies of the Fed^al Republic of Germany represent 
the bulk of the industry, and although no data are available as to their relative share in 
the Federal Republic of Germany’s production of pressure vessels, thdr policies prob- 
ably determine the country’s market in pressure vessels. A number of large companies 
having comparable structures are financially linked together in horizontal integration. 
This financial integration is a complex one : while paralleling the industrial organisation 
of the companies concerned, it extends their market power in controlling some sectors 
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of final demand for pressure vessels. Subtle financial links also exist between some of 
these large companies themselves through their respective groups. Finally, they often 
have, at the groups’ level, wholly-owned subsidiary export companies but these do not, 
however, affect significantly the usual demand circuit for exported pressure vessels, i.e. 
the role of contractors. 



1 1 .12 The vertical integration is industrial and is more important than the horizontal ; 
it consists of heavy mechanical construction and machine building linked to the steel 
industry with, occasionally, contractors interests as well. The disposal of captive raw 
material— steel for pressure vessel fabrication — stemming from vertical intention may 
be an advantage or a liability. When order books are heavy, the benefit is considerable: 
shorter delivery and stable prices within the group. In 1967 it was considered a dis- 
advantage: there was pressure to use steel plates produced within individual groups 
without the usual bargaining possibilities offered by a buyer’s market. 



11.13 Brief notes on a selection of German fabricators are given in Annex H. 



Outlbe of Italian pressure vessel industry 

11.14 The bulk of Italian pressure vessel production is the output of about a dozen 
small to medium size companies (300 to 600 employees), some of the more important 
of which are privately owned and directly run by the owners. There are a further 
number of small companies reported by many to capable and eflBcient, which have 
created substantial business in the recent years due to their low prices and eagerness to 
meet customers’ requirements. 



11.15 There is no official classification of companies in Italy (e.g. Lloyds class) but 
the more prominent companies most usually called on by international clients for more 
exacting work, can be grouped as: 

two companies with a total turnover of about £8M/year, reported as more specialised 
in high quality steels, alloys, etc., and intricate design of vessels, manufacturing 
typical components of chemical and petroleum plants, etc. : 

FBM, Milan; 

Bonaldi, Crema (Cremona); 

four companies with a total turnover of about £12M/year, known more for their 
large and heavy carbon steel vessels: 

Nuovo Pignone, Massa; 

Bosco, Temi; 

Belleli, Mantova; 

Sartori, Mestre (Venezia); 

a group noted for their manufacture of heavy forgings, dished ends, etc., which they 
supply to other fabricator (both are also steel manufacturers): 

ATB, Brescia; 

Temi, Temi; 

companies highly specialised in special materials (stainless, titanium, special alloys): 
Siai-Lerici, Cormano (Milan); 

Zanon, Schio (Vicenza); 
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important mechanical engineering companies, considered as time-to-time suppliers 
in the pressure vessel field: 

Ansaldo Meccanico-Nucleare, Genova; 

Breda Termomeccanica e Locomotive, Milan; 

Tosi, Legnano; 

others (e.g. Badoni, CMF, BPD, etc.) 
the smaller fabricators, including: 

Bergum, Chignolo d’Isolo (Bergamo); 

Ceccoli, Bologna; 

Del Monego, Legnano (Milan); 

Fergal, Gallarate (Varese); 

Gavazza, Bologna; 

ICM, Marghera (Venice); 

OCM, Padova. 

11.16 The following miscellaneous comments are relevant for the more prominent 
companies : 

all major Italian fabricators are located in the industrial north but away from the 
high-cost-of-labour Milan, with the exception of : 

FBM, with present works in Milan but soon moving to new premises near Bergamo ; 
Siai-Lerici, Cormano (within the Greater Milan Area) specialising exclusively in 
hi^ value stainless steel, etc; 

Bosco and Temi, located at Temi (towards Rome) for historical reasons; 

from the point of view of ease of transport, only Nuovo Pignone and Sartori are 
located conveniently enough to the sea and this shows up in the size of their typical 
production; 

there is only one case, Nuovo Pignone, of a fabricator linked with a contractor 
(SNAM — both are part of the ENI Group, the State organisation for petroleum and 
allied production) but the link is not a ‘closed’ one, in the sense that SNAM can 
procure elsewhere; 

two companies of the IRI-Finsider Group, ATB and Totu, produce steel and conse- 
quently a great amount of their work is in the supply of forgings and parts (thick 
plate rolled sections, dished ends, etc.) to their fabricators. Another company of 
the Group, Dalmine, is an important supplier of thick-walled and normal tubing, 
and makes gas containers up to 9 meters diameter; 

three large mechanical engineering companies (4,000-5,000 employees each: Ansaldo 
MN, Breda TL, and Tosi) in the fields connected with pressure vessels are best known 
for boilers, but above all Ansaldo and Breda (both State owned) have supplied 
various chemical plants and components both to Italian and foreign elicits (e.g. 
Ansaldo’s co-operation with Montecatini engineering design for a numbCT of 
chemical plants in Russia); 

two companies are reported to be linked with foreign steel suppliers: Siai-Lerid 
with Avesta and Bosco with Thyssen; 

FBM, Belleli, Bonaldi and Bosco are reported to be equipped with very modem 
machines, e.g. automatic welding, numerically controlled madiine tools, and com- 
plex testing equipment; 

all the major fabricators have engineering design departments, e.g. FBM are reported 
to have about 25 i>ersons, the oth^ le^ exc^t Nuovo Pignone whose d^ign 
department is larger. 
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11.17 Brief notes on a selection of Italian pressure vessel fabricators are given in 
Annex H. Also given in the Annex are notes on the very considerable influence of the 
State organised industries in Italy, particularly the aspects of strong horizontal and 
vertical integration within the various State Groups : ENI, IRI and EFIM. 



Outline of Swedish pressure vessel industry 

11.18 There are about 50 companies active in pressure vessel fabrication in Sweden, 
of which about 30 of these may be considered specialists, the remainder mainly con- 
centrating on boilers (6 are specialists in boiler building) and/or storage tanks. The total 
number of employees in the 30 companies fabricating pressure vessels is estimated at 
15,000, but this covers their whole range of activities and not only pressure vessel 
fabrication. The most important fabricator is Uddeholms, while another important 
fabricator is Avesta Jemverks (a member of the Axel Johnson Group of Sweden, which 
also includes two other fabricators; AB Hedemora Verkstader and AB Svenska 
Maskinverken). Other significant fabricators are the following: 

AB A. Ekstroms Maskinaffar 
AB Evaporator 
AB Gotaverken 
AB Rosenblads Patenter 
Stal-Laval Turbin AB 
AB Thermia-Verken 

11.19 There are 15 to 20 other fabricators of pressure vessels, but either they are too 
small to be considered, or significant companies having only a small activity in the 
pressure vessel field. 

11.20 The Swedish pressure vessel industry thus consists mainly of a very few highly 
specialised companies, such as Uddeholms. Pressure vessel fabrication is not significant 
in many other of the large, well established mechanical companies. The main reason for 
this may be due to the late development of the chemical industry in Sweden. 

11.21 Brief notes on Swedish prwsure vessel fabricator are given in Annex H. 



Outlioe of Japanese pressure vessel industry 

11.22 Certain of Japan’s leading pressure vessel companies are amalgamated with 
the coimtry’s largest industrial complexes. These powerful groups have large captive 
markets in Japan, and usually own all the raw material sources for pressure vessel 
fabrication. Their growth rate and profits are high, the modernity of shop equipment 
outstanding. There is also a continuous and strong research and development activity. 
The large integrated companies include the following: 

Chiyoda Chemical Engineering and Construction Co. 

Mitsubishi Heavy Industries 

Mitsui Shipbuilding and Engineering Co. 

Mitsui Mike Machinery Co. 

Hitachi (Engineering) Ltd. 

Sumitomo Machinery Co. 

Ishikawajima-Harima Heavy Industries 
Kawasald Steel Corp. 

Kobe Steel 

Japan Steel Works Ltd. 
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11.23 Another category of pressure vessel fabricators (enumerated in Table H(6) of 
Annex H) mainly consists of large companies of less importance in the pressure vessel 
field, either because of less specialisation in pressure vessels or the smaller size of group 
(or company) in terms of integration. It seems that the research and development efforts 
and the modernity of equipment of this category of pressure vessel fabricators is also 
less significant. 

1 1 .24 A general feature of the industry is the vital role shipbuilders have played in the 
development of Japan’s industrial plant making industry, particularly in respect of the 
heavy, massive pressure vessels. 
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Foreign supply: economic and technical factors 



France: commercial Actors 

12.1 Market conditions (as shown by a historical series of investment figures) in recent 
yeare were slightly better than in some other coimtries, especially Italy and the United 
Kingdom, where fluctuations of demand were wider. Foreign demand for French 
pressure vessels especially heat exchangers was continually important, matching the 
fluctuations of home demand, whose slowing down at times was more than balanced by 
growmg investment in the re&ery industry. 

12.2 The size of companies and their integration seem to be a limiting factor for the 
industry’s competitive position. Indeed, there are too many small companies, especially 
if their financial background and research and development capabilities are considered. 
The association of a few large companies with engineering contractors is, however, 
regarded as an asset. 

12.3 Management and manpower appear reasonably well qualified and flexible. While 
union problems mainly manifest themselves in periodical wage bargainings and some- 
times strikes, co-operation between management and workers is reasonably good. The 
general wage level is lower than in many other Western industrial countries, but 
companies are responsible for heavy social contributions. There has been a regular 
increase in labour productivity in France’s industrial investment goods industry and 
annual turnover per worker in francs has risen in the following way: 



1961 


48,200 


1963 


55,700 


1965 


61,300 



12.4 Steel prices are in no case higher than in other countries, and the prices of steel 
plates destined for the construction of pr^sure vessels for export do not include internal 
taxes. 



France : technical factors 

12.5 Some companies are technically very advanced but the bulk of the industry is no 
better than the European average. Research and development efforts appear sub- 
stantial in only a few of the largest companies. In this respect, fabricators working in 
association with major engineering contractors were in a more favourable position. 

12.6 The French construction standards and inspection system are believed to be 
hindering the fabrication industry’s technical progress. This is believed to have hindered 
its competitive position, although France was already a substantial nett exporter of heat 
exchangers. For example, the regional inspection services of the Service des Mines were 
reported to have been known to disagree between themselves, while the design stress is 
based on the UTS. France’s problems were not dissimilar to those of the UK in these 
respects. 
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France: institutioDal factors 

12-7 There appears to be no significant governmental intervention with the industry’s 
development in France. There are, however, a few official measures to be considCTed, 
destined to improve the industry’s competitive position. 

12.8 It is the French Government’s policy to stimulate mergere to improve the in- 
dustry’s productivity and increase the research and development ^orts of individual 
companies. The movement towards greater integration is, however, very slow, and 
mainly consists at present of ad-hoc working arrangements and associations (specialisa- 
tion in research and development, marketing, etc.), and of the creation of common 
subsidiaries, etc. 

12.9 Companies which instal sales agents and offices or manufacturing facilities 
abroad, are granted considerable tax concessions for the expenditure involved in the 
setting up and first three months running of such fadliti^. 

12.10 Exports of pressure vessels are stimulated by exoneration from the added value 
tax on vessels exported and on steels destined for the fabrication of such pressure 
vessels. 

12.1 1 Export credit and guarantees are granted within the framework of the export- 
credit system specifically created to facilitate the sale of industrial plant and equipment 
abroad. The advantages thus granted to the industry are considerable, but procedurial 
difficulties and the existence of minimum amounts for individual deals reduce to some 
extent, their practical value. 

12.12 In the opinion of French manufacturers and engineering contractors (tl^ main 
exporters of pressure vessels), the facilities offered in France are not satisfactory, and 
they think that their foreign competitors receive more incentive (it is perhaps encourag- 
ing to note that similar views are expressed by industries in most European countries). 



The Fedemi Republic of Germany: commercial factors 

12.13 Home demand has been a powerful support for the development of the industry. 
Its impressive size (about £70M in 1966) and complexity have been stimulating the 
industry’s expansion in each pressure vessel area. Moreover, the relative stability of total 
(home and foreign) demand for pressure vessels which the Federal Republic of Ger- 
many’s industry has enjoyed over the last decade, has given the industry a sound 
financial situation. This holds true in spite of diminishing profits during tl^ last 3-4 
years. The rate of self-financing is still very hi^ in the Federal Republic of Gemany’s 
industry, although it varies from sector to sector. 

12.14 The industry’s size and structure are other feature enhacing its competitive 
position in the home market and abroad. The necessary industrial co-operation in the 
fabrication of pressure vessels is easUy obtainable within the national industry, and very 
often not only on a national but also on a r^onal baris. D^hed ends and forgii^ can 
thus be obtained from companies located in different areas of the country. This co- 
optation is, however, easiest in the centre of the Ruhr area. Of significance also is the 
commercial alertness of German fabricators. Two British dhemi^ engineering con- 
tractors who had placed orders with German fabricators were impressed by tl» efficient 
customer rdatiOT^. For e^mple, when progressing an order with the German fab- 
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ricator, the British representative was received with a dossier giving the progress 
schedule, a sketch of the pressure vessel, and the materials specification for each pressure 
vessel being made. 

12.15 Competition— national and international— has forced the Federal Republic of 
Germany’s industry to modernize continuously its equipment to improve productivity, 
and one large company was reported to have spent £7M in 1957 on a new fabrication 
shop. The financial results facilitated capital spending which remained high in spite of 
the fact that German tax laws did not allow depreciation on an increased replacement 
value. A machine can be depreciated within three years up to 96 % in the UK and up to 
72% in France, whereas in Germany the highest permissible figure was 49%. There 
were only two significant regional exceptions; Bavaria and Berlin. In West Berlin, 
industrial plant can be depreciated 75% in three years under the Berlin-Hilfe-Gesetz. 

12.16 Finally their size and mutual financial links assure to many of the largest 
companies a significant portion of captive markets for their pressure vessels, as well as 
captive raw material sources. 

12.17 Management and manpower are also strong points. The German industrial 
managers are mainly specialists of high qualification principally technical), and usually 
practise aggressive marketing. The manpower’s skills are considered satisfactory, its 
discipline is reasonable and union problems do not cause much trouble to the manage- 
ment. 

12.1 8 Although the cost of living has been steadily rising for the last 4-5 years, wages 
and salaries were still somewhat lower in Germany than in many other Western in- 
dustrialised countries (in 1967 a qualified welder was paid DM 4,20 per hour in Cologne). 
This was especially true for workers and engineers without executive responsibilities. 



The Federal Republic of Germany: technical factors 

12.19 The Federal Republic of Germany’s pressure vessel design and construction 
standards appeared to be a further factor improving the industry’s competitiveness, as 
well as the way inspection was organised. It seemed (according to German contractors) 
that most of the country’s pressure vessel fabricators were able to build pressure vessels 
to foreign design stand^ds. In addition German contractors declared they had not been 
satisfied with drawings made by most foreign (including British) designers; they were 
not very clear and were difficult to read. UK fabricators had been unwilling to under- 
take the design of pressure vessels to the metric system when tendering. The difficulty 
for Continental companies in reading pressure vessel drawings in the Imperial system 
had been considered as an important factor in hindering orders for British vessels from 
German and other Continental contractors and final users. 

12.20 One difficulty consisted mainly of getting pressure vessels inspected to foreign 
design standards. Mutual inspection agreements existed with Italy and France, but did 
not operate to the entire satisfaction of German pressure vessel fabricators and con- 
tractors. 

1Z21 The quality of steel plates was generally considered satisfactory. Quality in- 
spection was regularly carried out in steel mills, and included X-ray testing. 
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Tbe Federal Republic of G^many: institutional factors 

12.22 The general cascade tax applied earlier was abolished at the end of 1967. The 
progressive introduction of the Common Market added value tax (TVA) started on 1st 
January 1968, as follows: 

10% from 1-1 • 1968 to 1 • 7- 1968 

ll%froml-7-1968; 

and this corresponds to an equivalent tax rebate on exported pressure vessels. 

12.23 Direct governmental assistance is in the form of export credit guarantees 
granted by the Government through the Hermes Kreditversicherungs AG, and this 
was the basis of West Geman export finance. This covered all important economic and 
political risks. Exporters themselves must take a certain proportion of tbe risk, varying 
between 1 0 and 20 % according to the type of risk. Five years was generally the maximum 
term of the guarantee, but recent practice watt to ei^t years. The mon^^ was usually 
put up by the AKA (Ausfuhrkredit Aktiengesellschaft — a consortium of German banks), 
whose capital had l^n increased to DM 1,300 M in 1965. The AKA can call on a re- 
discount line of DM 300M with the Bundesbank for loans for periods of between one 
and four years, and the exporter had to finance 40 % of the value of the delivery himself. 
Credit from this source costed between 6*5 and 7-5% which, taking into account the 
exporter’s own contribution and of tbe 0- 5 % commission per annum the exporter had 
to pay between the time the credit agreemoit was signed and the credit was used, gave 
an overall rate of 7-5 to 8*5% per annum. 

12.24 The Federal Republic of Germany’s mechanical industries’ jmafessional 
associations seem to be well organised and able to assure valuable services to the 
industry. The VDMA — ^Verband Deutscher Maschlnenbau Anstalten (Federation of 
German Machinery Manufachuers) — especially its specialised sections such as the 
section of industri^ apparatuses, provide to their members general information and 
replies on enquiries. The general information service mainly consists of updating and 
completing the members’ information on markets and technical development. VDMA 
in Frankfurt emploj^ a large staff of several hundred specialised engineCTS, economists, 
etc. 



1 2.25 There are other associations independent of VDMA which group boilermakers 
and pressure vessel builders. The leading organisation, ie the Fachverband Dampf- 
kessel-Behalter-und Rohrleitungsbau (Spanalised Federation of BoilCT, Tank, Vessel 
and Pipework Manufacturers) in Dusseldorf seems to be highly efficient; for instant 
they had recently completed an exhaustive collection of the world’s jHessure vessel 
design and construction standards (their number exceeds 70) which they were analysing 
to be aware of progress and s tandar ds from ail over the world to help their members 
improve their practice. The results of their inv^tigation will be stripy reserved for 
members. 

12.26 The offidally recognised inspection authority is the TUV — Tedmisdw Ueber- 
wachungsverein (Federation for Technical Supervision). TUV is a G^man Fe^ral 
private organisation, grouping ‘amtlich anerkennte Sadiverstandige’, ie crffidally 
recognised experts, are the ofificial inspectors for pressure vKsels. TT^ is a private 
organisation and acts only as a co-ordinating body for inspectors. The inspecting 
competence is granted to each individually qualified inspector. The TUV (ie the in- 
spectors) is given the legal privil^e and duty of carrying out inspections of pressure 
v^s^ built in the Federal Republic. 
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12.27 The federal central organisation of TUV is the Vereinigung der Teclinischen 
Ueberwachungsverein (Union of the Federations acting in each ‘Land’), whose AD — 
Arbeitsgemeinschaft Druckbehalter, ie its pressure vessel section, elaborates and 
publishes the AD-Merkblatter, the design and construction standard for pressure 
vessels. TUV is a member of the Deutscher Normeausschluss (Germany’s organisation 
for standards), the organisation having the ultimate responsibility for standards. 
Deutscher Normeausschluss is also a private body, grouping the TUV, representatives 
of fabricators, end-user industries and competent State authorities. 

12.28 Modifications to the design and construction standards and inspection system 
appeared to be not easy, because of conservatism, but could be made within a reasonable 
time. Construction rules were not incorporated in law, and the responsible organisa- 
tions were not under the control of public authorities. In the opinion of German fab- 
ricators and contractors the situation was much more favourable in the Federal Repub- 
lic of Germany than in France in this respect. New regulations were being pressed by 
German pressure vessel fabricators, and it is taken for granted that the new rules 
proposed will be shortly adopted. Steels for pressure vessels were inspected at the mill 
and the mill delivered a ‘certificate of conformity’ to required standards, which was 
accepted usually without problem. Foreign steels were inspected individually by DIN. 

12.29 As to inspection practice, all pressure vessels, either for the home market or for 
exports, are inspected by TUV, whose competence cannot be delegated. Supplementary 
inspection, if asked for by client, may be carried out by Lloyd’s, Veritas, etc. For export- 
bound pressure vessels, inspection may be made to foreign design standards. Mutual 
agreements exist between Germany, Italy and France. 

12.30 A special system is in force in two ‘Lander’ of the Federal Republic of Germany. 
In Hesse and Hamburg there is a Technische Ueberwachungsamt (Bureau for Tech- 
nical Supervision), controlled by the ‘Land’. These TUA have the same competence 
here as TUV in the other ‘Lander’. TUV is, nevertheless, authorised to carry out 
inspections in Hamburg and Hesse when called on for special inspection. In such cases, 
their conclusions are usually accepted by the Land’s TUA and the latter delivers the 
necessary inspection certificate. These certificates delivered by TUV or TUA are trans- 
mitted to the ‘Gewerbaufsichtsamt’, ie industrial supervision office who, in its turn, 
gives the authorisation to operate. 



Italy: economic factors 

12.31 The reasons for the allegedly strong competitive position of Italian fabricators 
can be classified both as structural (modem shops and efficient use of manpower) and 
as conjunctural (in relation to particular market conditions). It is believed that con- 
junctural reasons have been stronger than the stmctural towards explaining tliis com- 
petitiveness. Reference is now made to Fig, 12(1): 

Line 1 represents the investment in chemical and petroleum plant, ie the sectors of direct 
demand for pressure vessels, and this shows the abrupt reduction in investment in 1964. 
This occurred in connection with the evolution of the general economic development of 
Italy growing at a fast pace since the war, which experienced an accelerated growth 
between 1959 and 1962 and a reactive slowdown of the growth rate in 1963 and 1964. 

Line 2 represents the capacity of steel plants in Italy. Starting from about 1959-60 an 
important reorganisation and expansion programme was entered into by the State-held 
IRI-Finsider Group (which accounts for over two-thirds of Italian steel production). 
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YEAR 



Ro. 12(1). Market &ctors- Italy 
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This was in full swing in the years of the ‘recession’ — the first LD furnace was started in 
November 1964. The effect may be seen on prices of the expansion in capacity. Further- 
more the general slowing down of industrial activity reduced demand for steel and as 
steel deliveries were shorter this further helped the fabricators; 

Line 3 shows the production of boilers, vessels, tanks, etc. (ANIMA data). The Boiler- 
makers’ Association Reports, while giving no figures before 1963, state that production 
had been steadily rising in the period since 1957, to reach a peak in 1963 which had not 
been surpassed. The sharp decline in production can be noticed in the years 1963-5, a 
direct consequence of lower domestic demand ; 

Line 4 shows the exports of the category of products in which pressure vessels are 
included as well as other heavy metal fabrication (ISTAT data). The rise in the years 
1965-6 results from contraction of domestic demand and the low price and ready 
availability of steel. 

12.32 The particularly sharp rise in 1965 of deliveries abroad followed the search for 
work in 1964. In the winter 1964-5 Italian pressure vessel prices were the lowest and 
deliveries the shortest. 

12.33 Exports continued to increase through 1966, and, for example, in the first four 
months of 1967 export of heat exchangers were already twice as much as the amount 
exported during the same period the year before. This hysteresis, which is typical in 
economic circumstances such as these and which was feared by some as ‘an acquisition 
by Italian fabricators of a taste for export’, was also due to the fact that international 
clients had come to be acquainted with Italian fabricators and their good prices and 
deliveries. Italy’s stake in the international market will, of course, change as a function 
of the evolution of its internal market. 

12.34 Some factors that may influence Italian pressure vessel competitiveness in the 
future are as follows: 

overall investments in the chemical and petroleum field are estimated to continue to 
grow annually even though not so much as in 1959-63 period. This will be mainly 
due to the slowing down in new investments in the petroleum field (Italy’s refining 
capacity is already li times that of the UK); 

wages are increasing, the trade unions are growing stronger, the psychological 
backgroimd of labour productivity may change as general standards of living 
improve. 

12.35 General satisfaction was expressed by Italian fabricators on the quality and 
service by the Italian steel mills, principally ITALSIDER. AH steel for pressure vessels 
for the domestic market is ultrasonically tested in the mill by ANCC personnel. 

12.36 Steel is bought abroad, particularly from Common Market countries, although 
stainless steel was imported from Sweden and steel tubes from the United Kingdom. 
However, Italian mills were said to be flexible in the manufacture of steels to meet 
foreign design standards and had many licences to make foreign proprietary brands of 
steel. 

1 2.37 With regard to steel prices, inevitable reluctance was encormtered on the subject 
of real prices particularly with fabricating companies linked to steel manufacturers. 
However, the impression was formed that pressure vessel fabricators had obtained up 
to 5-1 0 % quantity discounts, as well as loyalty bonus, rebates for certain global annual 
tonnages, etc. which could amount to 5-10%. 
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The following table gives examples of typical domestic prices of Italian pressure vessel 
fabricators: 



Type of vessel 


Steel 


Total weight 


Price range 
f/ton 


Vertical reactor including internals 


C,i%Mb 


45 


tons 


270-314 




C,}%Mb 


20 


tons 


320-415 


Horizontal storage vessel 


c 


10 


tons 


160-180 




c 


2.5 


tons 


200-250 


Open top tank 


c 


3-5 


tons 


170-230 


>■ 


c 


1 


ton 


315-340 



SouTcet Interviews in Italy with contractors and final users 

• 

12.38 With regard to deb'very, it appeared that many fabricators tended to keep stocks 
of most current material. Mills also held stocks of standard steels. Clearly these stocks 
were a useful buffer against emergency situations but were costly to maintain. Manu- 
facturing dehveries which were about 1-2 months in 1964-d5 had lengthened con- 
siderably due to the increase in demand and an example was quoted (in 1967) of C steel 
plate over 20 mm in thickness offered on a 4 month delivoy penod. 



12.39 Italy uses a cascade type tax levied as a percentage (generally 4 % on most goods) 
on each sale of goods. The final levy therefore on finished goods adds up to a sizeable 
amount. There was considerable discussion with regard to the replacement of a cascade 
tax by the TVA system, but no definite decision had yet been taken in this matter by 
early 1968. 



12.40 For exports, certain taxes are reimbursed (purchase tax, etc.) 
of IGE reimbursed on exported pressure vessels is as follows: 

Stat. code 8401 (boilers) 

Stat. code 8402 (boiler accessories) 

Stat. code 8417 (heat exchangers) 

Stat. code 7322 (refinery towers, pressure vessels, other metal 
fabrication) 

12.41 In addition to the IGE specific rebate, other taxes or special levies are reimburs^ 
or conceded for products made with Italian steel (around 5%). A special subsidy is 
given tied to the quality of Italian manufactured steel for all export^ pri^ucts, for 
destination outside the European Economic Community. This subsidy— ‘Rimbupo 
Siderurgico* — ^was established by law (N. 639 5 July 1964) and vanes between 15 lire/ 
kilo and 220 lire/kilo, depending on the type of steel and type of product manufactured 
from it. For a carbon steel vessel, the subsidy would be in the region of 20 lire/kDo, 
approximately 5 % of the value. For a stainless steel vessel, the subsidy would be about 
40 lire/kilo. 
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12,42 Taken toother, therefore, these export rebates of some 10-15 % (combined with 
the price ‘shading’ of Italian steel suppliers of some 5-10%, reflecting a final pressure 
vessel price advantage of 3-6%), could represent a price advantage of from 13-20% 
for export orders. It is hard to be specific about these matters, for the extent of the 
export price ‘reductions’ has varied in conjunction with Italian domestic demand for 
pressure vessels. As many of the above rebates are available to the Italian steel industry 
for direct exports the system is, in effect, equivalent to offering Italian manufacturers 
steel at export prices for fabrication of pressure vessels for export. The variations in 
price reduction here referred to are primarily the variations in price affected by the 
Italian fabricators in response to variation in domestic Italian demand for pressure 
vessels. There appears to be no feedback (to take account of changes in market con- 
ditions) on the export tax rebates (IGE and RS). Any alteration that might occur to 
RS might only arise from the planned reduction of tariff barriers to EEC. 



Italy: alleged damping by Italian pressure vessel industry 

12.43 Because of the confused state relating to the question of alleged dumping of 
vessels by Italian fabricators on the UK market, the present section discusses the 
various factors involved. 



Definition oj dumping 

12.44 Before defining dumping, it should be appreciated that different definitions may 
be used according to whether the goods in question are in series-production or are of a 
one-off or jobbing nature. The majority of pressure vessel fabrication is of the jobbing 
type. 

12.45 Dumping may arise in Coimtry A with imports from Country B under the 
terms of GATT whenever: 

(a) goods are sold in Country A at a price less than that for equivalent goods sold 
in Country B’s home market, or 

(b) goods are sold in Country A at a price less than that for equivalent goods sold 
in other countries to which Country B has exported, or 

(c) goods are sold in Country A at a price less than a ‘hypothetical price’ for equival- 
ent goods hypothetically sold in Country B’s home market; the hypothetical price 
being determined by a fair and reasonable estimate of materials and production 
costs together with a reasonable profit. 

Notes: Class (a) dumping may occur with series produced goods when identical goods are sold 
on the home market of the exporting country (B in this case). 

Class (b) dumping may occur with series produced goods when identical goods are sold 
on the home markets of other recipient countries but not on the home market of 
Coimtry B. 

Class (c) dumping may occur with ‘one-ofT or jobbing production, whenever similar 
(but not identical) goods are sold in Country A at prices which are substantially less 
than a ‘hypothetical’ price for the goods in Country B’s home market. 

12.46 For dumping of goods produced by jobbing fabrication it will, almost inevitably, 
be necessary to adopt the class (c) dumping definition. 

136 

Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 12 FOREIGN SUPPLY: ECONOMIC FACTORS 



12.47 In order to take action und^ GATT it is understood to be necessary not only 
to demonstrate that dumping las occurred, but also that mat^ial injury either has 
arisen to the industry involved or is likely to occur to this industry if dumping were to 
continue. This would involve the assessment of the d^ee of material injury (ot threat 
of injury) to the UK fabrication industry should dumping continue for a period of, say, 
several months or more. Furthermore, it would be necessary to assess what the position 
would have been had the dumping not occurred. Thus if competitive prices from yet a 
further fabrication industry abroad still undercut the UK fabrication industry prices, 
then the material damage could still occur to UK industry regardless of whether or not 
action was taken against alleged dumping by the original forrign fabrication industry. 

12.48 It is understood that anti-dumping evidence for action under the Tariff Act may 
only be put to the Board of Trade by industry or its representatives. In order to en- 
courage the UK industry to consider the preparation of evidence for such action, the 
Board of Trade contacted TIPA in August, 1967, and invited TLPA to gather such 
evidence as was needed. The BOT suggested that TIPA select a particular type of 
pressure vessel to use as a ‘pUot’ or test case, and to obtain a price for it on the Italian 
home market as well as obtaining a price for it when exported to the UK The BOT 
were awaiting (April, 1968) for TIPA to act so that BOT may themselves consider 
whether action under GATT might be initiated. 

12.49 TIPA are reported to acknowledge the helpful attitude of BOT, but point out 
that the amount of information required by BOT before they can take action is very 
considerable and extremely difficult to obtain. The various pressure vessel customers in 
the UK (end-users and contractors) have knowled^ of the Italian pressure vessel 
export quotations but appear reluctant to disclose this information, even in strict 
confidence, to TIPA. The TIPA are reported to feel that customers should be asked to 
disclose this information to help with an anti-dumping case. It might be desirable, for 
example, to ask for materiais/production/transport/ov^head cost breakdowns when 
customers sou^t quotations from abroad. The TIPA had not gone back to BOT by 
April, 1968 as it was felt that devaluation might substantially reduce the import of 
Italian (and otiiier foreign) vessels into the UK. With this in mind TIPA were to sed: 
information from the BOT on pressure vessel imports into the UK from January 1968 
onwards (under the new Qjstoms and Excise headings) to ast^tain whether imports 
had been reduced substantially as a result of devaluatioD. 



Export rebates 

12.50 Tliere are two main areas of export rebate in Italy: 

(1) Rebate of IGE on exported goods(thisisacascadeor^neraltumov«’taxof4% 
on each sale of goods). The rebate for pressure vessels is between 6-8% depending 
upon the type. It is understood that, in principle, this rebate is reasonable und^ 
GATT r^ulations. 

(2) Rebate of Customs Duty for all mechanical goods, this is a subsidy tied 

to all exported products made with Itaikin steel and is called the ‘Rimburso Siderurg- 
ico’ (RS). This was reportedly established originally to protect the Italian sted 
industry from the initial fierce competition resulting frOTn joining the EEC The RS 
for goods exported to the other five members of EEC has been reduced to a nominal 
level of one-fifth the origiml level of the RS but the original full level is still applied 
to exports outside the EEC. It may be seen that the original basis for the RS rdjate 
is no longer applicable, and it is understood that the continued operation of this 
particular rebate may be considered to be an export subsidy and therd>y an in- 
fringanraot of GATT. 
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12.51 The type of measure that the UK could take, for example, would be to impose a 
special import levy (additional to the general 15 % import surcharge for pressure vessels) 
which would act as countervailing import duties in respect of those particular goods the 
import of which were, or could, injure the UK fabrication industry. 



Alleged "hidden' government subsidies 

12.52 There have been suggestions that the Italian Government provided ‘hidden’ 
subsidies for exports. However, other than the declared subsidies (of IGE and SR etc. 
noted above) no evidence was found to suggest that the Italian Government was 
providing ‘hidden’ further subsidies for export goods. 

12.53 A major factor in the highly competitive export prices from Italy was the need 
for Italian fabricators to cut severely their export prices — even to the extent of making 
a loss on certain individual orders — in order to keep their shops working foUovwng the 
decline in home Italian demand. Fig. 12(1) shows this sequence of events very clearly: 
in 1963 a sharp decline in investment in chemical plant (line 1); in 1963-4 a very sharp 
decline in production of boiler work (line 3); in 1964-6 a very sharp increase in exports 
for metal construction including boilers and pressure vessels (line 4). 

12.54 It is unlikely that Italian fabricators would diminish their export sales drive, 
even though Italian home market demand was again increasing, for at least four 
reasons: 

(1) the Italian fabricator has developed a desire to export and it is unlikely that the 
substantial sales effort and goodwill developed with customers outside Italy during 
1964-7 will be lightly discarded; 

(2) the utilisation of Italian fabrication capacity was severely cut from 95 % during 
1962-3 to 61 % in 1965 (see Table 10(5), line 2). In spite of this the installed capacity 
was being increased each year and, during the period 1965-7, the utilisation factor 
had risen to 65 %. There is, therefore, considerable incentive for the Italian fabricator 
to continue to exploit export markets to the utmost so as to increase the utilisation 
factor above the (low) figure of 65%; 

(3) the widespread attitude of the employer-manager-owners of Itahan fabricators 
to keep their workforce engaged at all costs even when it meant (in the short term) 
making a loss in a(xepting an order. The Italian religious background supported 
this attitude; 

(4) the substantial margin of ‘loss’ the employers would be willing to take in terms 
of the ‘opportunity cost’ of the alternative which is to sack part of their workforce. 
Tliis ‘opportunity cost’ is the total social security payments the employer would have 
to make in compensation to those he sacked. Thus in the first tlnee months of 
redundancy the employer is understood to have to pay 64% of the average wage for 
the last three month period of employment, plus a lump sum of one month’s pay 
for each year of service. Following redundancy, the Italian Government then pro- 
vides half-pay for six months. 



Sweden: economic, technical and institutional factors 

12.55 It does not appear that home demand for pressure vessels has been a favourable 
factor for the development of Sweden’s pressure vessel fabrication industry: the size of 
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domestic demand has not been sufficient to support more than a few significant special- 
ised pressure vessel builders, such as Uddeholms. This was particularly important in 
r^pect of the manufacture of dished ends, flanges and nozzles and, if the industiy’s 
size were greater, Uddeholms would probably not fabricate the dished ends it mainl y 
used in its own fabrications ; instead there would be a wider co-operation between the 
country’s fabricators. Uddeholms import from Denmark (as do probably all the other 
sigi^cant Swedish pressure vessel fabricators) all the dished ends of a size largo: than 
their own ends, while all flanges and nozzles are imported mainly from the Federal 
Republic of Germany. 

12.56 Technical factors are favourable for the Swedish pressure vessel industry. Steed 
plates are of high quality, and the design standard and inspection system were not 
hindering progress and productivity in production. 

12.57 Management seems to be well organised. Managers and sales managers are 
usually engineers or have a good technical education. Labour flexibility appears good 
and relations between management and the union reasonable. A strong trade union 
movement has pushed wages up aggressively, yet left management free to seek efficiency 
even when this has meant lay-offs from individual companies. Special productivity 
agreements have not been needed. 

12.58 These factors explain the high exports of Uddeholms, which have been noted 
particularly in the context of the British market. 



Japan: economic factors 

12.59 The development of home demand for pressure vessels has led to the con- 
tinuous growth of the countiy’s pressure vessel industry. Two main cycles may be 
distinguished in the post-war period : (1 ) the economic recovery when tlte main emphasis 
was on the fertilizer industry and its equipment needs, and (2) the acceleration of 
equipment investment in the petrochemical industry. 

1 2.60 The structure of the industry has also been a powerful factor in the development 
of pressure vessel fabrication. Apart from a significant portion of captive market and 
raw material sources due to the integration of the industry and the close co-operation 
with engineering (Japanese and foreign) organisations, two principal advantages which 
the industry has been enjoying, can be distinguished: 

(1) a considerable part of the industrial plant (hence pressure vessel) industry 
originated with shipbuilding companies, as a result of some similarities between 
shipbuilding and industrial plant engineering and construction. Of these similarities 
the most important for pressure vessel construction are the following: 

(a) a shipbuilding enterprise requires large and assorted types of equipment; 

(b) a shipbuilding shop is capable of manufacturing very large types of machinery 
and equipment. (It is, for instance, curr^t practice to assemble hu^ refinery 
towers on the grid-iron of a shipbuilding slip. After launching into sea water it is 
shipped outside with a tug-boat and hoisted aboard a cargo ship by floating crane) ; 

(c) large shipbuilding enterprises have long experience in international trans- 
actions and also have complete networks for providing after-service; 

(d) shipbuilding companies are usually large and have powerful financial backing; 

(2) the Japanese mechanical industry has been enjoying an abundant supply of 
manpower: between the two main fast developing industrial sectors — ^thc mechanical 
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and chemical industries — the one with the much higher capital/labour ratio is the 
mechanical industry. 

12.61 The faculty of management to adapt to new technologies as well as to modem 
j elling methods seems to be excellent. There are, however, still some complaints ex- 
pr^sed in the industry about shortage of technologists and sometimes insufihcient 
experience of engineers, esi)ecially concerning engineering and construction of petro- 
chemical equipment- 

12.62 As to manpower, skills are considered satisfactory. There is flexibility in the 
trades in industrial manpower, and practically no union problems. 



Japan: technical factors 

12.63 The technical progress of industry is largely a result of the research activity 
of the large companies. Most large companies have their own research centres 
and laboratories where basic and applied research is earned out, often in close co- 
operation with universities. Co-opemtive research programmes are carried out by 
ad-hoc company groups in associated sectors aimed at developing new processes and/or 
products and equipment, etc. Technical co-operation between chemical plant (and 
pressure vessel) producers and plant and process en^neers is being developed in- 
tensively both nationally and internationally (mainly with the USA). 



Japan: institutional foctors 

12.64 It seems that the Ministry of International Trade and Industry (MITI) plays a 
significant and useful role in the direction of Japan’s economy, especially through its 
policy concerning indiKtrial investments in selected sectors and the development of 
ejq)ort oriented industries. 

12.65 The new Japanese export promotion plan inaugurated by MITI is designed to 
resolve Japan’s interr^tional balance of pa5Tnents problem and goals will be established 
for each industry. The mechanical sectors, which are already a si gnifi cant part of 
Japanese total e;q)orts, were expected to rise by 15*6% in 1967. 

12.66 Min’s influence has moreover been decisive since the early 1960’s in stimulating 
the development of co-operative research in different industrid sectors, especially 
between chemical, petroleum and chemical engineering firms, imtiated by the Institute 
of Industry and Technology of Japan. The MITI actively advocated legislation (voted 
in 1965) for co-operative temporary industrial research groupings. The main objectives 
of this law are the following: 

(1) to allot research subsidies by the Government in an effective manner; 

(2) to avoid duplicating investments by individual companies in similar research 
work or facilities; 

(3) to grant special depreciation rates for research facilities; 

(4) to give tax exemption; 

(5) to share equally risks and profits among the participating companies. 

In two years (1965 and 1966) approximately 20 joint research groupings have been 
organised for the development of new technologies in various fields of industry. 
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France 

13.1 According to French contractors’ views, at least 90% of French prcssore vessel 
exports were directly due to their activities. This evidence from the contractors was 
substantiated by interviews with the individual pressure vessel fabricators. CMP seems 
to be the only direct pressure vessel exporter. The proportion in respect of imports is 
likely to be the same. French manufactured pressure vessels sold on the domestic 
market similarly pass through the hands of contractors, to an estimated proportion of 
75 to 80%. The proportion may even reach 100% in the case of refinery installations. 

13.2 Some of the largest prwsure vessel builders are linked with engineering contractor 
companies or have engineering divisions. The examples of Frana>Belge and Sdineider- 
Creusot are typical in this respect. 



13.3 The main criteria for choice between pressure vessel fabricators by contractors 
when ordering are the following in order of dcCTeasing importance: quahty and 
confidence in quality; relationship client-fabricator; price and delivery. Speaal re- 
lationships, usually financial, betwe^i clients (the final users) and fabricators often 
interfere with the criteria of choice by the contractor for his pressure vessel supplier. 
In the opinion of French contractors the cost-plus engineering contract is the b^t 
formula to protect the mutual interests of all the contracting parties. 



13.4 During the period 1961-5 the average annual growth rate of the French chemical 
industry was 9 %. According to the 5th National Economic Plan, the annual growth 
rate will be 8* 3 % between 1966 and 1972. During the period 1960-5 the growth rate of 
the refinery industry was considerably higher, and is reflected in the evolution of 
investment in this sector as shown in Table 13(1). 



TABLE 13(1) 



Elquipineiit investmrat in tiie French chemical and refinery industries 

(In £M adjusted to 1966) 



Chemical industry 
Refinery industry 



1960 


1961 


1962 


1963 


1964 


1965 


1966 


1972 


92 

18 


101 


115 


123 

61 


128 


153 

83 


170 

65 


240 

65-70 



Sources: Commissariat Giniral da Ran, Frendi national atadsdea, ete. 



13.5 Within the chemical industiy, ammonia, plastics and petrochemicals in general 
are sdieduled to have the fastest growth. A slowing down in investment in the refinery 
industry is predicted up to 1970, owing to the large new capacities created in the pre- 
ceding period. The gas industry will be mainly developed by a rapid increase in the 
consumption of natural gas, which implies a significant use of storage tanks. 
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13.6 The vessel content of equipment investment in the chemical and refinery in- 
dustries in 1966 and forecast for 1972, is estimated at £26* 5M and £35M respectively. 
These estimates are derived by applying a vessel to equipment investment percentage 
of 11-3%. 



The Federal Republic of Germany 

13.7 German contractors estimate that at least 70% of the pressure vessel sales in the 
Federal Republic of Germany are carried out through their services. The share of 
pressure vessels sold through contractors on the domestic market is much less than on 
export markets: practically all pressure vessels exported go into turnkey plants in- 
stalled abroad by contractors. 

13.8 As to imported pressure vessels installed in the Federal Republic of Germany, 
their share in total domestic demand is less than 5%. 

13.9 The usual pattern of commercialisation from pressure vessel fabricator to final 
user is classical: pressure vessel builder-contractor-final user (German or foreign). 
The contractor’s place is often held by more than one contracting company depending 
on the size and complexity of each in^vidual project and on the processes required. In 
the case of very large turnkey jobs, an ad-hoc consortium of several companies is 
organised. This is current practice with one of the largest contracting companies in the 
Federal Republic of Germany, 

The investment in the three large pressure vessel user sectors (chemical, refinery and 
food industries) for the period 1962-6, and an estimate for 1972, is given in Table 13(2). 

TABLE 13(2) 

Investment in three pressure vessel user sectors in the Federal Republic of Germany 



(Figures in £M) 





Chemical industry 


Refinery industry 


Food: sugar, 
beverages and tobacco 


Total 

investment 


Hardware 
(at 50%) 


Total 

investment 


Hardware 
(at 50%) 


Total 

investment 


Hardware 
(at 50%) 


1962 


209 


105 


73 


37 


191 


95 


1963 


209 


105 


— 


_ 


— 


— 


1964 


246 


123 


_ 


— 


— 


— 


1965 


246 


123 


— 


_ 


— 


— 


1966 


345 


172 


123 


62 


254 


127 


1972 


537 


270 


200 


100 


327 


163 



Source: Chemical Journal Sources and interviews with German engmeering contractors 



13.10 In the above table, the hardware content of total investment has been estimated 
at 50% for all three basic industries. This permits calculation of the hardware (and 
thereby vessel) content for the three groups of industries on a basis similar to that used 
in one of the demand analyses used for the United Kingdom in Chapter 6. 
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13.11 The vessel content of investment in hardware was estimated as a result of 
interviews with German contractors. The following table gives these percentages 
together with the domwtic German demand for vessels for 1966 and 1972: 





Vessel content 


Demand (£M) 




in hardware (%) 


1966 


1972 


Chemical industry 


12 


21 


33 


Refinery industry 


12 


7-5 


12 


Food etc. industries 


3 


4 


5 


TOTAL DEMAND FOR THREE SECTORS 


32-5 


50 



Source: Table 13(2) 



13.12 If the same vessel content of investment in hardware in 1966 for the three 
industry groups is considered for 1972, these sectors’ total demand for vessels will reach 
£50M by 1972. 



Italy 

13.13 About 70% of Italian pressure vessel production goes through the hands of 
three contractors : Foster Wheeler, SNAM and CTIP. The rest goes throu^ other major 
international contractors who are active shoppers in Italy, and direct end-users such as 
Montedison (mainly), Rumianca, SNIA and SIR. 

13.14 Table 13(3) gives total investment figures in the Italian ch^nical and allied 
industries and in the petroleum industry. 



TABLE 13(3) 



Investment in main pressure vessel vser sectors in Italy 







1966 


1967 


1968 


1969 


1972 


Chemical and allied 


(bDlion lire) 


258-5 


331-9 


376-7 


423-7 


450-0 


Petroleum 


(billion lire) 


114-3 


77-6 


29-2 


45-9 


40-0 


TOTAL 


(billion lire) 


372-8 


409-5 


405-9 


469-6 


490-0 




(£M) 


210 


235 


230 


270 


280 



Soto’ce: CONFINDUSTRIA 



13.15 It may be noted that the reduction in refinery investment will be compensated 
by the large increase in investment in the chemical industry. Oil refineries have been 
required, by law, to have a 30% reserve capacity. This law is now under revision. If it 
were abolished, new investment in 1968-9 would be less than that forecast by 
CONFINDUSTRIA. 
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Benelox 

13.16 In Belgium the development of investment in the chemical industry has been as 
follows during the period 1961-5: 



(Figures in £M) 





1961 


1962 


1963 


1964 


1965 


Investment in the chemical industry 


23-2 


29-3 


28-2 


30-3 


43-0 



Source: Die Chemische Industrie, and Amsterdam-Rotterdam Bank 



13.17 In the case of the Netherlands precise figures for equipment investment are only 
available for 1964 and 1965, and are as follows: 

1964: £43-3M 
1965: £56-4M 

13.18 An important factor affecting chemical and petrochemical investment in both 
coxmtries will be the recent preference of US chemical companies for investment in 
Belgium and Holland, amongst other factors this has arisen from the EEC expansion 
programme. The American investments are most likely to affect the petrochemicals. 
Some forecasts were made a few years ago which have shown themselves to be rather 
over-optimistic by current figures. In spite of this, it is believed that these investment 
figures will become of significant size in the future. 
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United Eingdom 

14.1 Investment in the UK has been dealt with in Chapter 6. 



Sweden 

14.2 As already shown by the foreign trade factor, foreign demand for pressure 
vessels made in Sweden is not important. Home demand can only be estimated, as no 
data was available either of demand or of vessel output. 

14.3 The equipment investment in the Swedish chemical industry developed as follows 
in recent years: 





1964 


1965 


1966 


1967 


Equipment investm^t in £M 


17-0 


25*2 


31-2 


36 








(Est) 



Source: The Swedish Economy 1967, and Svenska Handelsbanten 



14.4 The application of a vessel ratio of 15% to these equipment investment figures 
gives a vessd demand of approximately £4^M. 



Austria, Denmark, Norway, Switzerland 

14.5 Table 14(1) gives the investment in the chemical industry during the period 
1963-5. To obtain a very approximate vessel content, the figures may be multiplied by 
about 7 %. 



TABLE 14a) 

Lirestm^t in the chemical iodastry in ETFA coimtrira 





1963 


1964 


1965 


Austria 


£11 -2M 


£I1*9M 


£10 0M (Est.) 


Denmark 


12-9 


16-8 


18-6 


Norway 


14-3 


13-7 


10-6 


Switzerland 


260 


29-0 


31-4 



Source: OECD, professional pahlicaticms 
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Portugal 

14.6 No dependable data on investment in the Portuguese industry is available. The 
main developments in the industry’s capacity in 1963-4-5 concerned the pharma- 
ceutical industry, where growth is high. The problem of mstalling a new petrochemical 
industry in the north of the country, based on new oil refining facilities to be created 
there has been studied recently. The new complex would also comprise one other 
chemical product. 
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General 

15.1 There is a significant expansion in demand for chemical and r^neiy plant equip- 
ment in the whole Comecon area. It stems either from the incomplete structure of the 
chemical industry or from the insufficient capacity of the chemical industry in relation 
to general industrial development. The present structure of the chemical industry in the 
USSR has arisen from the history of past p lanning , particularly in respect of plans to 
derive textiles, plastics and refined products from basic chemical feedstocks. The shift 
from coal to petroleum, undertaken only a few years ago, as well as to gas more recently, 
continues to affect the region’s needs for r efin ery and petrochemicals plant equipment. 

15.2 Production and investment in chemicals, petrochemicals and fertilizers is given 
high priority in national economic plans for 1966-70 in the whole area, except East 
Germany where the main emphasis is laid on the mechanical (heavy and light) industry. 

15.3 Table 15(1) gives estimates, in US $M, of chemical equipment annually needed 
by Comecon countries in the 1966-70 period. 



TABLE 15(1) 

COMECON demand for chemical equipment 





Chemical equipment 
required per year 
(US $M) 


Equipment to be purcha^ 
in Western oDuntries per 
year (US $M) 


USSR 


1,800 


400-500 


Poland 


no 


40-50 


Czechoslovakia 


70 


25-30 


East Gennany 


120 


50-60 


Rumania 


100 


40-45 


Hungary 


60 


25-30 


Bulgaria 


35 


20 



Source: Estimates based on Plan estimates and otha: sources 



1 5.4 The Comecon countries openly publish the amount of equipment to be pmthased 
in Western Countries so as to encourage free competition (with its associated price 
competitivenws) between the Western countriw. Furthermore, the Comecon countries 
do not indicate the breakdown of this expenditure between various Western countries 
for the same reason — ^price competitiveness. This is all part of the systraiatic shopping 
policy by the Comecon block. There is urgent need for the UK to look at the 5 year plans 
of the various Comecon countries in order to anticipate their poteatial market ne^ — 
this review could be carried out at both industrial and governmental level 
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USSR 

15.5 The growth target of industrial production for 1966-70 is 8-2% per year, and 
8-5% for the output of investment goods. In Table 15(2) are given the 5-year arniu^ 
average growth rates in the main sectors of the chemical and petrochemical industry in 
the period 1961-5 and 1966-70. 

TABLE 15(2) 



Annual growth rates by industry: USSR 



Industry 


1961-65 


1966-70 


Petroleum 


10-4% 


7-6% 


Inorganic fertilizers 


17-6 


15-2 


Gas and natural gas 


22-4 


13-0 


Refinery 


8-5 


100 


Plastics 


19-8 


21-8 


Synthetic fibres 


14*1 


14‘6 



15.6 Two specific sectors may be mentioned separately: 

the USSR was considering in 1967 the purchase in Western countries of a number of 
large-scale ammonia plants. Enquiries were made to leading British chemical con- 
tractors; 

the gas industry is another market for equipment (the 13 % average aimual growth for 
1966-70 indicated above seems to be too low). However, as this is essentially natural 
gas distribution, pressure vessel demand is essentially linked to storage and not to 
process plant. 

15.7 According to a recent estimate (Chemical Age, December 1967) total capital 
investment (equipment and sitework) in the Soviet chemical industry will average 
£1,040M per year during the period 1965-70. 

15.8 The main state organisation for chemical plant and equipment imports is: 

Techmashimport, Moscow — I — ^200 



Poland 

15.9 The planned growth rate for 1966-70 is 14% per year for the chemical industry 
as a whole. Equipment investment will amount to US $700M in five years. 

15.10 Main planned capacity changes are linked to fertilizers: 

{Output capacity in million tons) 





1966 


1970 


Nitrogen 


0*6 


1*2 


Phosphate 


0-38 


0-72 


Sulphur (1967) 


0-6 


10 


Ammonia 


0-4 


1-2 



15.11 The capacity of the Plock refinery will be increased from 3M tons/year to 
6M tons/year. 

148 



PrintecJ image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 15 FOREIGN DEMAND: COMECON 



15.12 It is estimated that about half of the equipment needed will be imported from 
Western countries (UK, France, Federal Republic of Germany, Italy and Austria). 
At present there is a close working relationship with France’s Pechiney (processes) and 
Schneider-Creusot (equipment). 

15.13 Main state organisation of chemical plant and equipment imports is: 

PoLiMEX, UI. Czacldago 7/11, Warsaw 



Czechoslovakia 

15.14 Although the country is currently producing more than 100,000 tons per year 
of equipment for the chemical industry, import requirements are considerable, especially 
for the plastics and petrochemicals industry. In this latter a significant expansion is 
predicted, especially for olefines and their processing. Carbon disulphide and butadiene 
production from petroleum is being developed. Production of epichlorhydrine and 
bisphenol will also be launched by 1969-70. The capacity of the 4M tons/year Slovnaft 
refinery will be increased and units to produce 69,000 and 35,000 tons/year ethylene and 
propylene respectively will be installed. A £3M contract was awarded in 1967 to a 
British contractor for the delivery of a 40,000 tons/year paraxylene plant to be installed 
at Slovnaft. 

15.15 The main state organisation for chemical plant and equipment imports is: 

Stroumport, 1, Vaclavske Namesti, Prague 1 



East Germany 

15.16 While an 8% annual growth target has been fixed for the country’s industry 
as a whole, that for the chemical industry is only 7 %. It is however estimated that 
East Germany may need to buy as many as 30 chemical plants in Western countries, in 
addition to its own chemical plant production, which is mainly exported to the USSR. 

15.17 The main state organisation for chemical plant and equipment imports is: 

Chemieausruestungen, Mohrenstrasse 53/54, Berlin W 8 



Rumania 

15.18 The principal aim of the 1966-70 plan is to realise a fourfold increase in 
petrochemical production compared with 1965. The main investment plans concern: 

(1) a new 3M tons/year oil refinery at Pitesti, to be partially commissioned in 1968; 

(2) a new 300,000 tons/year plant for crude oil processing at Suplacu-Barcan to be 
commissioned at the end of 1968: 

(3) the installation of not less than 70,000 tons/year new capacity for the production 
of synthetic fibres and plastics. 

15.19 The main state organisation for chemical plant and equipment imports is ; 

Masinimport, str. Mihail Eminescu 10, POB 17, Bucharest 
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Hungry 

1 5.20 In the 1966-70 plan the development of the chemical industry is given the highest 
priority. About US $400M will be spent on investment in this industry. Imports of 
chemical plants are heavily increasing from both Eastern and Western sources. Pro- 
duction of chemicals is to grow about 10% annually between 1966 and 1970, especially: 



Fertilizers 

PVC 

Polyethylene 

Polyamide 



Production 1965 

265,000 t 
15,000 1 
15,000 1 



Capacity 1970 

650,000 1 

80,000 1 

48,000 1 
3,500-5,000 1 



15.21 The capacity of the 1-5M tons/year oil refinery at Szaszhalombatta will be 
doubled by 1970. 



15.22 The main state organisation for chemical plant imports is: 
Chemoumpex, 64, Nepkoztarsasag utja, Budapest VI 



Bulgaria 

15.23 During the 1966-70 period, about US $160M are to be invested in the country’s 
chemical industry. 

15.24 The capacity of the 3M tons/year oil refinery at Bourgas will be doubled by 
1970. Other new capacities planned for 1967-70: 

400.000 tons/year ammonia plant; 

600.000 tons/year 100% nitrogen fertilizer units; 

180.000 tons/year phosphoric acid; 

unknown but sizeable inCTease in capacity for nitric and sulphuric add. 

15.25 These form part of a complex plant, estimated at US $42M. The equipment 
wOl be bought mainly in the USSR and possibly partly in the UK. 

15.26 The main state organisation for chemical plant imports is: 

Technoimport, 10, Graf Ignatiev Street, Sofia 
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CHAPTER 16 



Foreign demand: Latin America 



General 

16.1 Three main features characterise the Latin American chemical industries and 
their development: 

(1) In many countries the size of chemical and petrochemical plants is small com- 
pared with modem standards and some plants are uneconomic^ because they were 
built to serve small national markets; 

<2) Althou^ the raw material basis of the industry is CTicellent in some countries, 
the supply of basic chemicals and basic petrochemical products is understood to be 
insufficient; 

(3) The investment in the industry, hence its development and the creation of a 
ftirther financial basis for future growth, greatly depends on international sources 
of investment capital such as: 

(a) from the USA: 

through the ofiScial US Agency for International Development and the Alliance 
for Progress programmes; 
the US Export-Import Bank; 

American private capital; 

(b) from int^national sources: 

the World Bank itself for infrastructure investment; 

the International Finance Corporation (a World Bank subsidiary); 

West Eurof>ean capital. 



Argentina 

16.2 The average growth rate of output in the country’s chemical industry vdll 
probably increase enormously between 1966 and 1970 compared to the average of the 
preceding period. Indeed, from £136M in 1960, the total value of the industry’s output 
increased to £186M in 1965 and, according to planned new capacities, it will reach 
£500M by 1970. This development of the industry will be mainly diK to petroctenicals. 



Brazil 

1 6.3 The total output of Brazil’s chemical industry increased in value by 147 % between 
1960 and 1965, ie from £278M to £410M. No figures of investment were available for 
this period. 

16.4 The following capadty increases are plaimed between 1966 and 1970: 

opacity 1966 planned capadty 
1970-71 

Inorganic chemicals, total ’000 tons 1,479 2,480 

Organic chemicals, total ’000 tons 446 1,040 
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16.5 Only consumption and planned consumption figures were available concerning 
fertilizers: 



Phosphate fertilizers, tons 
Potash fertilizers, tons 



Consumption 

1965 

71,000 

100,000 



Planned 

consumption 

1970 

115.000 

160.000 



CHle 

16.6 According to the first CEPAL-Plan, the country’s total production of chemicals 
was to reach, in value, £46M. The actual value of the 1965 total output was £32M. 

16.7 Chile’s economic plan for the period 1961-70 heavily emphasised the growth of 
the chemical industry, and total investment planned for the 10-year period amounted 
to £54M. No information is available concerning the amount already spent, but it 
seems that the bulk of it was still to be invested in 1966. 



Colombia 

16.8 The total value of chemicals produced increased from £34M in 1960 to an estim- 
ated total of £50M in 1965. 

16.9 Total output of inorganics amounted to about 320,000 tons in 1964, and according 
to new capacities being installed (spring 1967) and planned, total capacity will reach 
1 ■2M tons per year by 1970-1. 

16.10 The petrochemical industry is at its very beginning, and the main problem in 
the development of the plastics and synthetic fibre industry is the lack of basic petro- 
chemicals. 



Mexico 



16.11 Mexico’s chemical industry has developed in recent years as follows: 



Year 


1961 


1962 


1963 


1964 


1965 


Total output in £M 


208 


247 


271 


323 


344 



16.12 It is estimated that the total value of production will amount to £520M by 1970. 
The structure of output will be then the following: 





Share in total 


Output 




(%) 


(£M) 


Petrochemicals 


22 


114 


Pharmaceuticals 


19 


99 


Dyestuffs 


5 


26 


Heavy chemicals fertilizers and others 


54 


281 


TOTALS 


100% 


£520M 
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16.13 The following are the main new capacities to be installed by 1970-1 : 



Fertilizers 

Dode<ylbenzol and others 
IsoproF>anoI 
Acetaldehyde 
Ammonium sulfate 



330.000 tons 

80.000 tons 

24.000 tons 
24,000 tons 

122.000 tons 



V^ezuela 

16.14 The total value of chemicals’ output almost doubled from £43M to £80M 
between 1960 and 1965. Total output is planned to reach £125M in 1968. 

16.15 The following investments were planned for the period 1965-8: 

£M in 1964 prices 



Fertilizers 


£36M 


Sulphuric acid 


5 


Explosives 


6 


Synthetic rubber 


10 


Aluminium sulfate 


3 


Polyvinylchloride 


6 


Polyethylene 


11 


Dodecylbenzol 


2 


Basic petrochemicals 


34 


Ammonia 


10 


Other chemicals 


10 
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CHAPTER 17 



Foreign demand: India, Pakistan and Japan 



Tndfa 

17.1 The most important sector of India’s chemical industry is fertilizers. The pro- 
duction of fertilizers developed as follows between 1960—1 and 1964—5, compared to 
the country’s estimated requirements in 1970-1 : 



(Metric tons) 







Production 




Requirements 




1960-61 


1962-63 


1965-66 


1970-71 


bfitrogen fertilizers (N) 


110,040 


193,000 


245,000 


2,000,000 


Phosphate fertilizers (P2O5) 


55,000 


70,000 


130,000 


700,000 


Potassium fertilizere (K) 


negligible 


negligible 


negligible 


320,000 



Source: FAO, Rome 



17.2 In addition, the following indications of installed capacity (1966) and the echelon- 
ing of arrival on stream of new capacity show the massive investment intended in this 
sector. There have been delays in the Indian chemical industry realization, so that 
figures should be written down somewhat. Alternatively, a five year phase-lag in 
execution of the planned requirements may be assumed. 



17.3 Fertilizer production capacities in India are planned as follows: 

(Metric tons) 





Nitrogen 


Phosphate 


End 1966 


682.300 


286,800 


Projects due for completion in 1967-68 


213,000 


132,100 


Projects due for completion in 1969-71 


1,316,000 


330,000 


Projects envisaged for completion in 1970-71 


646,000 


— 


Projected total capacity end 1971 


2,857,300 


748,900 



Source: United Nations Ind. Development Organisation, October 1967 



17.4 The world’s largest fertilizer complex will be installed in India, in Gujarat State. 
The total cost of the project is estimated at £96M. The complex, due for completion 
by 1974-5, is hoped to produce ultimately 2-3 million tons of fertilizer material, 
containing 1 • 2 million tons of balanced plant nutrients. 
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17.5 India is installing a number of ammonia, ammonium sulphate, sulphuric acid, 
phosphoric acid, etc. plants, with capacities between 170 and 500 tons per day. Most 
plant equipment is imported, Japan having a significant share in the market. 

17.6 Financial and sometimes political problems however often hinder the imple- 
mentation of announced investment plans. 



Pakistan 

17.7 Total output of the chemical industry rose from £7*2M in 1960 to £25-0M in 
1965. About 50% of output in 1965 was linked to pharmaceutical production. 

17.8 According to plans for 1970 and 1980, the industry’s capacity will grow con- 
siderably. 



17.9 The following capacities are being installed (end 1966-end 1968): 



Product 


Capacity 

tons/year 


Remarks 


Concentrated superphosphate 


390,000 




Ammonia 


180,000 


Investment £26M 


Other ammonia 


400,000 




Urea 


173,000 


Investment £I1M 


Other urea 


182,000 




Urea-fertilizer 


173,000 


Investment £9M 


Ammonium nitrate 


130,000 


Built by Frmch ENSA 



17.10 The longer term situation is illi^trated by the following table; giving develop- 
ment of production and capacities of some leading chemicals in Pakistan: 



Product 


Production, tons 


Capacity tons/year 


I960 


1965 


1965 


1970 


1980 


Sulphuric acid 


1,344 


20,280 


30,000 


95,000 


160,000 


Chlorine 




4,400 


— 


35,000 


55,000 


Caustic soda 


6,000 


11,280 


__ 


37,400 


58,700 


Soda 


27,000 


32,000 


32,000 


150,000 


— 


Ammoniumnitrate 




72,000 


103,000 


— 


— 


Ammoniumsulfate 


45,430 


45,000 


50,000 


160,000 


275,000 


Urea 


— 


130,000 


176,000 


310,000 


770,000 



Sour^: Chemischc Indostrie and other soDrces 



Japan 

17.11 Practically the whole of Japanese exports of pressure vessels is handled by 
contracting companies, either on the basis of contracts between the fin a l user, the 
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engineering company and the pressure vessel builder, or through the fully-owned 
engineering subsidiaries of the leading pressure vessel fabricators. It is estimated that 
this latter pattern is of overwhelming importance. Indeed, practically all the large 
pressure vessel fabricators — whose share in the market for pressure vessel exports 
amounts to at least 75% — have engineering subsidiary companies or specialised chemi- 
cal plant contracting divisions. 

17.12 As to the domestic market, the role of contractors, although less important 
than for exports, is still significant. A considerable portion of the home market for 
pressure vessels is captive i many of the leading pressure vessel fabricators belong to 
groups who either fully own chemical and petrochemical companies or have, in the 
framework of the national industry’s expanded financial integration, interest in 
chemicals and petrochemicals. 

Table 17(1) 



EvolutiOQ of equipment investment in the main pressure vessel user sectors (£M) 





I960 


1961 


1962 


1963 


1964 


1965 


1966 


1972 


Petrochemicals and 
refinery 


£39M 


73 


62 


75 


93 


123 


150 


370 


Organic and 
pharmaceuticals 


52 


74 


69 


70 


111 


97 


105 


210 


Inorganic and 
fertilizers 


84 


95 


88 


85 


106 


110 


112 


143 


TOTAL CHEMICAL 
INDUSTRY 


175 


242 


219 


230 


310 


330 


367 


723 



Source: Bank of Japan; Ministry of International Trade and Industry 



17.13 The investment data in Table 17(1) are indicated in the Japanese sources as 
equipment investment. It has been calculated that they make up for 65 % to 75 % of the 
total annual investment expenditure in the chemical, petrochemical and refinery 
industries on a basis of hardware acquired and erected. The figures would, on the other 
hand, only represent about 50 % of total annual investment if the figures refer specifically 
to equipment investment (eg hardware acquired). 

17.14 Investment in equipment in 1972 has been calculated on the following assump- 
tions; 

general economic growth of 8% per year between 1966 and 1972 (a net growth 
target of 8% per year has been set up by the Japanese government); 

the output of petrochemicals will increase 20 to 25 % per year (40 % during the period 
1960-63); 

the production of organic chemicals will grow by 15% per year (20% in 1963-4); 
the growth of inorganics and fertilizers wiH slow down to 5% per year. 

17.15 The demand for investment equipment in petrochemicals could grow even 
faster, as technological innovation is the fastest in this sector. This may result in greater 
replacement demand stemming from the accelerated economic (and technical) ob- 
solescence of production facilities. 
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17.16 No indication could be obtained from Japanese sources concerning the possible 
vessel content of equipment investment in the industry, although if one applies a 
British vessel to plant and machinery ratio, one arrives at the figures in Table 17(2). 



TABLE 17(2) 

Ja^nese domestic demand for vessels (£M) 

(1962-1966: estimate 1972) 



Sector 


1962 


1963 


1964 


1965 


1966 


1972 


Petrochemicals and 
refinery 


£6-9M 


9-0 


11-2 


14-8 


18-0 


44-4 


Organic and pharmaceuticals 


8-3 


8-4 


13-3 


11-6 


12-6 


25-2 


Inorganic and fertilizers 


10-5 


10-2 


12-7 


13-2 


13-4 


17-2 


TOTAL 


25-7 


27-6 


37-2 


39-6 


44-0 


86-8 



Source: Application of a percentage of 12% in respect of the vessel in plant and machinery content as in 

Table 17(1) 



157 



Printed image digifised By the University of Southampton Library Digitisation Unit 



CHAPTER 18 



Comparison of UK and foreign pressure vessel industries 



18.1 The major similarities and differences between the UK and European industries 
are indicated, first on an industry basis and then by comparing some of the leading 
companies of each country. The information on the foreign industries has been derived 
by desk-work and by visits to France, Italy, Germany, Sweden and Japan. These visits 
were made to pressure vessel fabricators, associations, contractors and final users. 



The similarities 

18.2 The many similarities between the pressure vessel industries of different countries 
should not be overlooked. For example, although some foreign countries have some 
very large specialist and integrated pressure vessel manufacturers, there are always 
present in each country a larger number of smaller, less specialised builders as in the 
UK. The one exception to this seems to be Japan where about forty fabricators are to 
be found, all of whom are large companies and in some way integrated. When compared 
with these large companies the output of smaller companies is of little market signific- 
ance. 



18.3 Other similarities between industries include the production facilities. In par- 
ticular, cranage, forming, welding and machining equipment do not vary significantly 
when an overall comparison of industries is made. However, a handful of foreign 
companies stand out as being able to work in very high tonnages and thicknesses, eg 
Chantier d’Atlantique, Rheinstahl, and Japan Steel Works. All these companies have 
activities outside pressure vessel manufacture. 

18.4 Finally the similarity between market conditions, at least in European countries, 
should be mentioned. The domestic markets for pressure vessels is cyclic in all the 
countries although perhaps less so than in the past five years in the United Kingdom. 
For example, the German pressure vessel industry became underloaded in 1967 in much 
the same way as the British industry. 



The differences 
Structural differences 

18.5 While the bulk of the industries in all countries (except Japan) are similar, the 
structural differences between the leading companies in each country are significant. 
These differences largely relate to the degree of integration. This factor for Japan and 
Germany is highly significant and remains significant to a lesser extent for Sweden, 
France and Italy. Integration of these foreign pressure vessel manufacturers is mainly 
with a steel producing interest and to a much lesser extent with final users such as 
chemical and petrochemical companies. The latter is of significance only in Japan. 
The form of integration may simply be financial but sometimes involves large pro- 
duction units for steel alongside fabrication facilitiw. The most important effects of 
the financial links are: 
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in times of low demand, price cutting can be absorbed throughout the group; 

the captive market in the case of groups with chemical interests can be used as a 
buffer against external market variations. 

18.6 Another and more frequent form of integration to be found, particularly in 
Japan and to a lesser extent in European countries, but in all cases more than in the 
UK, is a link with an engineering contractor, through whom the hardware in the form 
of part of a complete process plant can be sold. Again the integration can be purely 
financial or organisational, in the form of wholly-owned contracting subsidiaries. 



Management 

18.7 Although the number of interviews with fabricators in the foreign countries was 
not large, an impression was formed of a high calibre of management. Directors wctc 
found to have both a technical and commercial competence and their policies towards 
personnel, production and sales were both knowledgeable and positive. The under- 
standing of market conditions seemed again to be good, which is perhaps one explana- 
tion for the high export factors in pressure vessels. 

Labour 

18.8 The major difference betweai the UK and foreign industries with regard to 
labour is that demarcation presents no problems in the foreign countries. In fact, the 
British position on inter-craft and inter-union disputes, and the existence of ‘mates’ is 
quite unique and incomprehensible to those not brou^t up with the British ‘system’. 



Raw materials supply 

18.9 Whilst British fabricators expressed considerable dissatisfaction with the quality, 
delivery and service of steel supplies from home production, such criticism was very 
rarely met in interviews with foreign pressure vessel fabricators. Again in contrast to 
the UK no criticism was encountered about forged components. 

18.10 Steel prices as published did not show any significant variations, but the extent 
to which the ‘official’ pric^ (especially in the European Coal and Steel Ccmimunity 
member countries) was appli^ in each country was uncertain. It seems that the normal 
policy was to grant the ‘export’ steel prices to vessels built for export, but over and 
above this advantage not eiyoyed by British fabricators, there seemed to be some 
‘flexibility’ in pricing steel in each country according to market conditions. 



Design standards and inspection 

18.11 In general the situation on design and construction standards as well as in- 
spection is no better in foreign countries than in the UK with the exception of the 
Federal Republic of Germany. In jrarticular the German sta n da r d «icourages the use 
of advanced steel, and modifications are easier to introdur^. There was no undue 
duplication of inspection, and inspectors w^ said to be co-operative with respect to 
arranging inspection to fit in with production schedules. 
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18.12 It also seemed that a more flexible approach to the use of foreign standards 
could be found at company level in most foreign countries. In some cases, such as 
France, the reason arose through the lack of a clear and complete national standard. 
In some ways France may be considered the opposite of Germany with regard to the 
system of standards and inspection. 



Governmental policy and interventions 

18.13 Government policy towards the pressure vessel industry in the countries under 
discussion is in some cases rather as in the UK; for example, in France, Sweden and 
Germany government interest is slight, and is mainly directed towards the facilitating 
of export of industrial plant and equipment. Italy is slightly different in that the State 
owns the largest individual producers of pressure vessels and some other companies 
are involved to a greater or lesser extent with groups backed or controlled by the 
Government. Direct and other subsidies to assist the export of pressure vessels in 
Italy are considerable as the costs involved in exporting at prices low enough to be 
called ‘dumping’ can be absorbed throughout the steel producing and fabricating 
complex, and though it is virtually impossible to prove in full, various government 
measures have probably helped to ease the individual Italian fabricating companies 
through a dif&cult period in the domestic markets. 

18.14 Japan also has a very particular state: industry relationship. Its main aspect is 
that government credit is offered at low and differential interest rates and that the 
government grants fiscal advantages for investment in selected sectors. Government 
control in Japan is very considerable, without actual ‘state ownership’. For example, 
state direction of research is extensive. 



Tabular comparisons 

18.15 Table 18(1) provides a comparison of pressure vessel industries of the UK, 
Germany, Japan, France, Italy and Sweden, in the three areas : structure of industry, 
demand, and export/import trade. The data is self-explanatory. It should be stressed 
that the figures given are estimates based on what information there was available at 
the time the comparison was compiled, and the figures serve at best as an approximate 
guide only. Since the data on foreign countries has been based on official and professional 
statistics, it has not been possible to distinguish between shop-built and site-built 
output. It is believed that a proportion of the site-built output may come within the 
total official output figures. To enable a reasonable comparison to be made between the 
foreign industries and the UK industry (for which shop-built and site-built outputs have 
been ascertained), the UK output figure used in the comparative Table 18(1) has been 
obtained by adding half of the site-built output (ie half of £16M) to the toti shop-buUt 
output (ie all of £57- 7M), to obtain an ‘equivalent figure’ of £65*7M. 

18.16 Table 18(2) provides an international comparison often leading pressure vessel 
fabricators from the six countries. 
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TABLE^18(2) 

Tateroatiooal comparison of leading pressare vessel fabricators 
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CHAPTER 19 



Future world demand for ressels by type 



19. 1 The present economic survey provides a reasonable outline for the current (1967) 
and future (1972, 1977) demand for vessels, on the basis of estimates of the overall 
financial inv^tment in vessels of all types and sizes during the selected years. The 
survey also provides adequate details of the structure of the pr^ent pr^ure vessel 
industry (as at 1966). 



19.2 The economic survey thus goes far in providing information and forecasts on 
demand for vessels in 1977 and thereby the overall capacity of the UK pressure vessd 
industry required in 1977, but it does not breakdown the industrial capacity required in 
1977 according to type or size of vessels required. Because of this it is not possible to 
make any specific recommendations as to the types of fabrication capacity or expertise 
required in 1 977 in terms of maximum sizes of vessel or types and thicknesses of materials 
required. It is therefore not feasible to estimate what the industry should look like in 
1977 from a technical and production ability viewpoint, so as to best meet the vessel 
demand in 1977. 



19.3 It would therefore appear to be desirable to implement a techno-economic 
assessment of the future demand for vessels by type and size. A further result of an 
assessment of this nature would be an indication of the likely structure of the pressure 
vessel industry required in the future, regarding the production capabilities of individual 
companies in terms of pressure vessel materials, type and size. However, forecasting 
demand for process plant is particularly difficult and requires continuous efforts from 
inter-disciplinary teams to develop and improve techniques, and to revise existing 
forecasts in the light of economic developments and technological chan^. 



19.4 There is little doubt that such a techno-economic study would be very useful for 
fabricators in indicating the likely types and sizes of vessels required in the future. 
However, the route necessary to arrive at estimates of vessel types and sizes in the future 
involves the estimation of the likely sizes and tyj)cs of process plant required in the 
future, particularly chemical plant and oil refinery plant. 



19.5 It would therefore appear desirable to consider the problem at the process plant 
level rather than at the vessel level, as vessels are but one of the many types of items 
making a complete process plant. Such an approach would need to forecast the likely 
growth in denmnd for the major products of the chemical and oil industries. This 
forecast could then be used, bearing in mind any probable technological changes, to 
predict the likely demand for chemical process and oil refine plant in the future. Thus 
estimates of the likely production and technical requirements could be obtained for all 
compenents of process plant (e.g. pumps, pipes, valves etc.) as well as for vessels. This 
would appear to be the best approach as the main unit of extrapolation (to obtain tte 
future estimates for hardware) would be the individual process plant. 
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Suggested outline for a techno-economic survey 

19.6 Steps necessary to carry out such a survey are suggested here. These are put 
forward as suggestions only and before any survey could be initiated it would be 
necessary to develop detailed proposals defining the relevant objectives, scope, methods 
and costs of such a survey, including its duration. 

19.7 The survey involves the development of the future market demand forecasts for 
1977 for the types of vessels likely to be required in terms of materials, thicknesses, 
sizes etc. as well as quantities required. Such a forecast could be derived as a function 
of the likely development of the types of processes (allowing for technical change) 
required to supply future estimated demand for chemical feedstocks, oils, gases, etc. 
Consideration, for simplicity, could be limited to the three main vessel user sectors 
(heavy organics, oils, gas) which represent at the present time 80% of demand. A brief 
review could also be made as to whether any new large user sector would emerge by 
1977 (e.g. explosive growth in small ‘packaged’ nuclear power plants). 

19.8 A critical part of the study could be the technical assessment of the scale of 
individual plants required to produce all (or part) of the differences in the production 
capacities as between 1977 and 1966. This should be accompanied by a technical 
assessment of the types of vessel required for these plants which, when summed over 
the different final user sectors, should indicate the overall demand for vessels by type in 
1977. From the overall demand for vessels by type in 1977 it should be possible to 
deduce the UK vessel industrial capacity required to produce these vessels. In order to 
obtain an indication of the likely effect on the 1977 pressure vessel industry of an 
alteration in the estimated future demand in the three main user sectors (due to a 
change in the demand pattern for chemicals, oils, and gas), estimates may also be 
prepared to indicate the effect of possible margins of error in the analysis. 

19.9 The various steps necessary to determine the likely pattern of future demand for 
vessels by type is indicated in a schematic diagram in Fig. 19(1). Other components of 
process plant may be dealt with in a similar manner. In the diagram the letter (S) 
d^otes assessment by sector (eg separately for chemicals, oils and gas) while the lette; 
(T) denotes assessment by the total of all three sectors. The data in any block linked by 
a solid line requires to be known or estimated in order to arrive at the final result. The 
data in blocks linked only by dashed lints need not be known to obtain the final result ; 
but could be obtained as a further check on the procedure if thought necessary. The 
likely pattern of imports and exports would also need to be taken into account. 



164 



Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 19 



DEMAND FOR VESSELS BY TYPE 




Fig. 19(1). Sch^atic diagram for estimation of the likely future demand pattern for vessels 
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CHAPTER 20 



Summary 



Pressure vessel fabricators 

20. 1 The future progress of the industry is basically in the hands of its top management. 
The steps that could be taken by managements include the following: 

(1) attention could be given to any factors that may contribute to less efficient use 
of heavy fabrication shops. Towards this goal the management of each fabrication 
shop could: 

(a) consider modification in the lay-out of each shop to follow the optimum 
sequence of the fabrication process; 

(b) consider the introduction of an adequate cost control and production planning 
system where these were not already present, to allow accurate estimates to be 
made for tendering purposes and to enable delivery to be met; 

(c) consider an analysis, based on equipment already installed, of the most suitable 
product specialisation which the company could develop. This could be cross- 
checked by market research to ensure that the product specialisation corresponds 
to a need on the market ; 

(d) consider direct negotiation with local representatives of unions to attempt to 
remove any demarcation practice present in the shop ; 

(e) encourage the entry of a younger element with the requisite engineering and 
commercial skills into the management and to assume responsible positions in 
engineering and sales. 

(2) more effort could be devoted towards improving the marketing of products. 
Thus the management of each fabricator could: 

(a) consider the market research of trends in the process uses of pressure vessels to 
identify future product opportunities; 

(b) prepare adequate publicity brochures setting out the equipment installed, the 
shop size, the product specialisation and any particular skills; 

(c) sell pressure vessels overseas by contact with both British based contractors 
and foreign contractors and final users. (This implies considerable overseas travel 
together with the appointment of engineering sales agents in chosen foreign 
countries. Consideration could be given for cost reasons towards the creation of 
overseas offices in conjunction with other British fabricators with complementary 
products. Success in overseas selling, given parity in price and delivery, is largely 
achieved by well organised and sustained effort); 

(3) higher technological innovation could be encouraged, particularly on design and 
development of materials and manufacturing techniques; 

(4) the development of tmit operations in which pressure vessels could be incor- 
porated, as a means of selling mechanical engineering expertise, could be con- 
sidered. This implies the development of chemical engineering and contracting 
expertise and is directed towards the larger fabricators; 
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(5) the initiation of a working agreement on design and sales with one or more 
foreign contractors. (Some successful examples of this policy— eg between American 
contractors and Japanese fabricators — were encountered in the survey); 

(6) the consideration of the possibility of a negotiated rationalisation of production 
facilities between existing pressure vessel fabricators, possibly on a regional basis. 
(Tliere exist many channels — ^both governmental and private — ^by which negotiated 
mergers could be arranged, and the relevant Trade Association could also iH-ovide a 
valuable intermediary for negotiation). 



Trade unions 

20.2 Security of employment for Union members working in the pressure vessel 
industry is dependent upon the economic health and competitiveness of this industry 
in an international context. The responsible officers of the relevant trade unions could 
co-operate in considering any initiative from managements in the industry towards the 
introduction of labour flexibility systems, together with the acceptance of non-apprentice 
trained personnel for skilled trades. 



Pressure vessel fabricators and their trade associations 

20.3 Further improvements in competitiv^ess of British pressure vessel fabricators 
may be brought about by joint action and collaboration between fabricators. This may 
be helped through common membership of a single trade association. Such an associa- 
tion could be representative of the industry, and the measures it introduced would be 
likely to have quick results. A suitable trade association already exists (the Tank & 
Industrial Plant Association (TIPA)) and the following steps could be taken by TIPA: 

(1) the acquisition of a more complete membership so that it embraced all significant 
pressure vessel manufactureis in the United Kingdom; 

(2) the development of a definitive description of the British pressure vessel industry, 
for example by the production of a UK Pressure Vessel, Tank and Heat Excfumger 
Manufacturers’ Manual, in which individual members could define clearly their 
capabilities and product specialisation, this would provide a valuable sales tool in 
home and export markets; 

(3) the setting up of a market intelligence and technical service (whkh rni^t be 
funded by a special subscription of those members who wished to support it). This 
service could provide reports on both home and export market opportunitks, an 
apprecktion of process changes and their impact on pressure vessel requirements; 

(4) the continuation and enlargement of its present statistical records. 



rhemicfll ccmtracto]^ and final users 

20.4 Pressure vessel purchasing techniques play a crucial role in the development of 
pressure vessel industries. Steps that contractors and final usere could take include: 

(1) awareness of the effort put in by technologically strong companies in t«ms of 
research, development, design and past performance even >^ere this effort may not 
be reflected in lower prices for givra vwsels; 
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(2) the limitation of the number of quotations sought from fabricators for each 
pressure vessel of simple design and materials ; 

(3) the purchase of other vessels (of high technological input) by limited tender and 
direct negotiation; 

(4) the maintenance of adequate aggregated records of the main items of chemical 
plant procured on a year by year basis for provision when necessary to official bodies; 

(5) consideration of the use of the trade association as the central body for statistics 
on both investment in equipment and total investment. 



Government 

20.5 The British Government can influence the pressure vessel market in various ways, 
of which the following are examples: 

(1) through action when reasonable evidence of dumping of pressure vessels in the 
UK is presented, bearing in mind that the compilation of evidence for a jobbing 
fabricated product is very difficult ; 

(2) the encouragement of contractors and final users to obtain from foreign suppliers 
a cost breakdown between raw materials, labour, overheads and profit when dumping 
is suspected ; 

(3) through ensuring that the UK plays a leading role in international standardiza- 
tion and that false ‘technical’ barriers cannot operate against free international 
trading; 

(4) through recommending the British Steel Corporation to reconsider steel pricing 
policy; 

(5) the provision of adequate statistical data particularly from contractors and final 
users; 

(6) through enquiring into problems of the forging industry in the United Kingdom. 



British Standards 

20.6 Much of the technological strength of the industry depends on the quality of the 
standards available for pressure vessel design and related subjects. Furthermore, 
several criticisms by the British pressure vessel industry with regard to staridards might 
be eliminated by action relating to these standards. Such measures might include: 

(1) provision of a larger permanent staff to enable quicker work in producing and 
modifying standards; 

(2) the discontinuation of BS 1500 in favour of an enlarged BS 1515 (which should 
replace its UTS requirement in the calculation of design stress by a YS based cri- 
terion); 

(3) increasing the effort on standards relating to pressure vessels, for example those 
for steel plate and forgings. 
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Cost breakdown of pressure vessel tenders offered by several UK 
fabricators 



1. The following tables show the final costs and the cost breakdowns for two high 
quality low carbon mild steel gas storage vessels (Vessels A and B), and two other mild 
steel vessels, as supplied by UK tendering companies. The total tender prices are 
listed together with the component costs. 

2. It may be seen that there are very considerable variations in both the component 
costs and in the total prices. These may partially be explained by differences in definition 
used by the various companies, ie ‘Direct labour’ may or may not include the cost of 
site erection; also the cost of dished ends may or may not be included in ‘materials’, 
dependent upon whether they were bought in or not. 

3. A further analysis has been done by obtaining mean values for component costs by 
using only those tenders for which entries were made in all five component cost columns. 
Using these mean values the component costs have been derived as percentages of the 
mean total vessel cost. This is shown in Table A{5), where it is evident that for a storage 
pressure vessel costing about £30,000: materials account for about 40% of the total 
cost; direct labour accounts for 10%; overheads, profit and contingency account for 
about 30%; and transport and site work less than 20%. However, for a small mild 
steel vessel costing about £5,000, whilst the materials and labour costs remain at a 
little over 40% and 10 % respectively, the overheads, profit and contingency account for 
40 % and transport and site work less than 5 %. The cheaper transport and site work of 
the smaller, lifter vessel is not unexpected. 

4. A measure of the wide scatter of the companies’ estimates is given by the ratios of 
maximum component costs. These are also shown in Table A(5). These ratios are 1 • 7 
and 1 • 5 for total vessel costs for the two large vessels A and B; this represents a scatter 
of about ±30% about the mean total costs. There is rather greater variation in how the 
total costs are divided into the component costs. For example, overheads for Vessel A 
vary so much that one company’s estimate was 4- 8 times as large as that by another 
company (for the same vessef). It may be concluded that the companies used different 
methods for deriving their quotation prices; and it is also very likely that different 
definitions were used for the five major component cost headings. 

5. It is suggested that TCPA might encourage the development of standard cost 
accounting methods as well as standard definitions for the various component costs 
that make up the total quotation price of a vessel. Unless individual companies in the 
industry appreciate how to break down the total cost of a vessel more rigorously into 
its component costs, it is difficult to see how cost reduction techniques (eg cost-effective- 
ness analysis) may be applied so as to increase further the competitiveness of the 
industry. 
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TABLE A(l) Vessel A 
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TABLE A(3) Vessel C 
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Ratio ( ) costs 




TABLE A(4) Vessel D 
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Analysis of pressure vessel fabricating companies in tiie UK 



Introduction 

1. The analysis of the pilot and revised long questionnaires of the economic survey 
has been conned to the 27 companies returning these who wctc in shopbuUt pressure 
vessel output categories 3, 4 or 5 (shop output of pressure vessels in 1966 of £200,000 
or more). Althou^ there were 35 companies in these three output groups, 8 of these 
companies returned short questionnaires so no detailed information about them is 
available. 

2. The 27 companies analysed included all 11 in output groups 4 and 5, and 16 of the 
24 companies in group 3. It is estimated that the 27 companies together accounted for 
approximately 60 % of shop pressure vessel output in 1966. Unfortunately, some of the 
27 returns were incomplete and several particular analyses may therefore relate to 
fewer companies. The total numbers of companies contributing to sucdi analyses are 
indicated in the text or tables. 



Factors relating to capacity 



3. The companies were asked if they were fully loaded in 1966 or had spare capacity. 
Those companies whose shops were fully loaded were also asked to give their pro- 
duction limitations in 1966. Twenty-three of the 27 companies fully loaded, the 
most important limitations on output being shortage of ddlled labour (mentioned in 
almost ev^ case) and production floor space (mentioned by nearly half of the com- 
panies). Delays in receiving materials also featured as important obstacles to higher 
output. 



Production limitations 



Skilled labour 
Floor space 
Materia] suppli^ 

Plant and equipment 
Other factors 



Availability 

Reluctance to go to another shift 

Production 

Storage 

Steel plate 

Forged parts 

Dished ends 

Other 

Materials handling and cranage capacity 
Fabricating equipment 



Number of companies 
(total=23) 

20 

4 
10 

2 

2 

6 

5 

3 



Use of skilled labour 

4. Most of the companies worked a day shift or a day shift with a small ni^t shift 
only. The interviewing programme provided ample evidence of tl^ great difficulty in 
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persuading men to work a full double-shift system, particularly in areas with full 
employment. Even the small night shift for key operations presented problerm in re^d 
to staffing (particularly the Quality of the supervision) and to the sharing of jobs 
between men on different shifts (where piece-rate payment systems were used this could 
lead to difficulties in calculating the amount due to each man concerned). 



Shift system worked, June 1966 

Day shift only 

Double day shift 

Day and small night shift 

Day and full night shift 

Other* (2 shifts) 



Number of companies 
6 

13 

1 

5 



TOTAL 25 



*Thc pilot questionnaire simply asked the number of shifts worked: 5 companies said 2. 



5. The interviews also revealed a tendency for companies to work long hours. In 
many areas a certain proportion of overtime was regarded as a normal part of the 
working week, and some men would leave a company if they could not obtain any 
overtime. 



Average working week for welders and platers, June 1966 

Hours Number of companies 

39-44 4 

45-50 18 

51-56 4 

TOTAL 26 



Some companies had succeeded in reducing overtime as a result of introducing work 
study and incentive payment schemes. 



Production control 

6. Since the industry’s customers had complained of weaknesses in its production 
control, data is given to show the ratio of technical production staff (working mainly 
or wholly on pressure vessels) to workers in the heavy fabrication shop [Table B(l)]. It 
should be noted that the detailed aimlysis of the industry’s output (given in Chapter 3) 
showed that while pressure vessels accounted for a hi^ proportion of total shop 
output for the companies with a vessel output of over £500,000, this was not so for the 
companies with a smaller vessel output. For companies with a vessel output of £200,000- 
£500,000, therefore, Table B(l) may understate the number of production staff for the 
whole fabrication shop. 



7. About half the companies giving the relevant information gave a ratio of 1 technical 
production man to every 10 to 15 production workers. Several companies, however, 
had considerably greater ratios than this; one technical man to every 30 to 40 workers 
or even more. 
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TABLE B(l) 

Prodnction control by technical employees 



Company category: 
Shop-built pressure 
vessel output, 1966 
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4-1 


fabrication shop 


Minimum 


10 


workers to one 


^Average 


24 


38 (20**) 


30 (23**) 


production technical 
employee* 


Maximum 


65 


177 


177 


Number of all direct 






2-3 


2-3 


production workers to 


Minimum 


S 


one production technical 


“Average 


21 


34 (17**) 


27 (20**) 


employee* 


Maximum 


59 


167 


167 



• Working wholly or mainly on pressure vessels 

*• Averages drop to half the overall values if the overall maximum figure (for one company) is neglected 



Comparison of company activity^ 1966 and 1967 

8. Companies were asked to provide two indicators of their level of activity in June, 
1967, compared with June 1966: the average number of platers and welders employed 
and their average working week. Table B(2) shows a tendency for both to drop but not, 
taking the returns as a whole, by a substantial margin. Two points should be noted. In 
June 1967, most companies visited on interview were still fairly busy but were ^pecting 
work to fall off steeply in the autumn. Secondly, companies said they tried to keep on 
their work-forces in slack times because of the great difficulty of rebuilding tfawn a^in 
if business improved. Several companies also commented on the importance of allowing 
the customary overtime to continue as long as possible to dissuade some men from 
leaving of their own accord. The figures for 1967, therefore, conceal a certain amount of 
underemployment. 



The trend of pressure vessel production within the company 

9. For the years 1962-6, companies were asked the lowest and hi^iest proportions 
that pressure vessels had accounted for in total company output and in total output of 
the heavy fabrication shop. They were also asked if vessels were taking a larger or 
smaller share of shop output. Figs. B(l) and B(2) present the results, 

10. Fig. B(l) shows a wide spread in the importance of vessels in total company out- 
put and it is interesting to see that for the largest producers it falls in the ra^ ^twem 
20/30% to 60/70%. Wide fluctuations in the importance of vessels appear in this graph 
and, even more, in Fig. B(2), relating to shop output- Ahnost all these companies 
indicated that pressure vessels are of growing importance in the output of the heavy 
fabrication shop. 
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Technical resources 

11. Table B(3) gives ratios for 1966 for the numbers of technical staff employed on 
pressure vessels to certain categories of production workers. The types of technical 
staff included are production staff, designers and draughtsmen, and laboratory staff 
(estimators and shop inspection staff are excluded). The point was frequently made in 
interviews that medium-sized companies had to support an overhead structure relatively 
too big for them, in that once a company had grown too large for personal direction 
by an owner or manager it had to take on technical staff who could frequently handle a 
heavier work load than the company could give them. In spite of some fluctuations, 
the evidence supports this: broadly it suggests that the smaller companies included in 
the analysis had a ratio of technical staff to all weekly-paid workers of about 1 :4 ; this 
fell to about 1:8 for the largest companies in the industry. However, the position in 
respect of skilled production workers is remarkably similar for the medium and large 
size companies. 



TABLE B(2) 

Indicators of company activity in 1966 and 1967 

(a) Index based on number of welders and platers employed in June 1967 (number 
employed in June 1966)=100 



Index 


Shopbuilt pressure vessel output group in 1966 


TOTALS 

£200,000 -f- 


£200,000— £500,000 


£500,000-}- 


60-69 


1 




1 1 


70-79 


1 


2 




80-89 


— 


1 


1 17 


90-99 


7 


5 


12 J 


100 


1 


2 


3 


101-110 


4 


— 


'll. 


111-120 


2 


1 


3 r 


COMPANY TOTALS 


16 


11 


27 



(b) Average working week of welders and platers employed in June 1966 and 

June 1967 



Average working 
week (hours) 


Shopbuilt pressure vessel output group in 1966 


TOTALS 


£200,000— £500,000 


£500,000 -H 


£200 


000+ 




1966 


1967 


1966 


1967 


1966 


1967 


37-40 




3 




1 




4 


41-44 


1 


1 


3 


4 


4 


5 


45-48 


6 


6 


5 


4 


11 


10 


49-52 


5 


3 


2 


2 


7 


5 


53-56 


3 


2 


1 


— 


4 


2 


CXJMPANY TOTALS 


15 


15 


11 


11 


26 


26 
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90/100 

80/90 

70/80 

60/70 

50/60 

40/50 

30/40 

20/30 

10/20 

0/10 




PRESSURE VESSEL OUTPUT GROUP: 
£200,000 to £500,000 



PRESSURE VESSEL 
OUTPUT GROUP: 
£500,000+ 



Fig. B(I). The lowest and highest proportions pressure vessels represrated in total 
company output in the period 1962-66 (total 21 companies) 



Note: one company in the smaller output group reported no fluctuations in tiie importance of vessel output 
and their return is represented by a point 
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90/100 






80/90 



70/80 



60/70 



50/60 



• 40/50 



30/40 



20/30 



10/20 



0/10 



PRESSURE VESSEL OUTPUT GROUP: 
£200,000 TO £500.000 



PRESSURE VESSEL OUTPUT 
GROUP: £50Q.000-i- 



Fio. B(2). The lowest and highest proportions pressure vessels represented in the total 
output of the heavy fabrication shop in the period 1962-66 



Notes; one companr in the smaller output group reported no Suctuations on the importance of vessel output 
afld their retuni is represented by a point; 

the arrows indicate whether the trend of vessel output as a proportion of the total was up or down; 
where there is no arrow, it was constant 
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TABLE B(3) 

Technical backing for the heavy fabrication shop, June 1966 



Company category: 
shop-built pressure 
vessel output, 1966 




(a) 

£200,000 to 
£500,000 
(12 companies) 


(b) 

£500,000+ 
(9 companies) 


(a+b) 
£200,000+ 
(21 companfes) 


Number of workers in 


Minimum 


65 


113 


65 


heavy fabrication 


>• Average 


177 


447 


293 


shop 


Maximum 


495 


917 


917 


Number of heavy 


Minimum 


2-4 


2*1 


2-1 


fabrication shop workers 


^Average 


5-5 


7*9 


6*5 


to one technical 
employee* 


Maximum 


13-1 


16-6 


16-6 


Number of all direct 


Minimum 


2-4 


M 


M 


production workers to 


!>■ Average 


4-7 


6*8 


5-6 


one technical employee* 


Maximum 


11*8 


15*7 


15*7 


Number of skilled 


Minimum 


1-4 


0*4 


0*4 


production workers to 


^Average 


3-3 


3-7 


3*5 


one technical employee* ^ 


Maximum 


9-8 


7-1 


9*8 



• Working wholly or mainly on pressure vessels 



Product specialisation 

12. Table B(4) gives nu mmar y figures for numbers of companies recording each type 
of product and material as a principal or secondary activity for individual compames. 
It is striking to see that none of the 27 companies listed reactive metals and very few 
gave copper or aluminium. 



Design standards 

13. Table B(5) gives pressure vessel design standards to which compames had built 
vessels. Since only the asterisked standards were printed on the quKtionnaires, and as 
no help was given to remind companies of other standards, the answers for the remain- 
ing are no doubt a severe understatement of these companies’ experiences in building 
to foreign design standards. 



Supply of dished ends 

14. Twenty-two of the 27 companies had facilities for manufacturing dished ends and 
full details are given in Table B(6). A further 5 companies rehiming short question- 
naires stated they manufactured ends, suggesting a total number of producers for the 
UK industry as a whole of about 30 to 35. 



Heavy fabrication shop characteristics 

15. The major shop characteristics of 26 of the leading fabricators in 1966 are given 
in Table B(7) including maximum crane lift, total floor area and length of largest bay. 
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• Returns from 26 companies are included in this summary table 
•• This heading was not included in the pilot questionnaire {of which II were returned out of the 26 included In this analysis) 



(a) List of countries whose design standards have (b) List of design standards that have been used 
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These design standards were listed in the questionnaires, all other standards were entered by repondents under the ‘other standards’ heading provided. All ‘other standards' not aster- 
isked probably constitute a severe understatement of their usage 
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16. Data relating to rolling and bending equipment is given in Table B(8), including 
hot and cold rolling/bending of mild steel. Machining by boring and by turning is 
noted in Table B(9), whilst usage of inspection equipment is indicated in Table B(10). 
Temperatures and leading dimensions for stress-relieving furnaces (SRF) and annealing 
furnaces (AF) are given in Table B(ll). Altogether returns from 26 leading pressure 
vessel fabricators have been taken into account in compiling these tables. However, 
some companies did not answer all questions ; in other cases, some companies did not 
have the relevant equipment and the question(s) therefore were not applicable to them, 

17. It is important to note that, in respect of Tables B(7) to B(ll), each table and sub- 
table stands individually and is completely independent of the data laid out in the 
remainder. False impressions may be obtained by attempting to cross-correlate any one 
table or sub-table with another. 



TABLE B(6) 



Facilities for manufacturing dished ends 



Company category: 
shop-built pressure 
vessel output group, 
1966 


Spin pressing 
maximum 


Die pressing 
maximum 


Segment 

building 


Dia- 

meter 


Thick- 

ness 


Weight 


Dia- 

meter 


Thick- 

ness 


Weight 


2 


(Feet) 


(Inches) 


(Tons) 


(Feet) 

4*0 


(Inches) 

0-25 


(Tons) 

** 


Yes 


1 








— 


4*0 


1*25 


5*0 


Yes 


5 


10-0 


0-5 


1*0 


5*5 


0*325 


0*5 


Yes 


3 


— 


— 


— 


6*0 


4*0 


** 


Yes 


3 


— 


— 


— 


6-5 


0*825 


** 


Yes 


5 


16-0 


0-5 


30 


7*0 


3*0 


4*0 


Yes 


4 


16-0 


M25 


5*0 


7*5 


4-0 


15*0 


Yes 


4 


16-0 


4-25 


10-0 


8*0 


2-0 


3*0 


Yes 


2 


— 


— 


— 


8*5 


0*625 


0*5 


Yes 


3 


— 


— 


— 


8*5 


1*5 


5*0 


Yes 


3 


— 


— 


— 


8*5 


2*25 


10-0 


Yes 


3 











8*75 


6*5 


14*0 


Yes 


3 


— 


— 


— 


9*0 


0*325 


** 


Yes 


5 


15-0 


4-25 


11*0 


90 


2*5 


4*0 


** 


5 


— 


— 


— 


10*0 


5*5 


50 


Yes 


3 


— 


— 


— 


10*0 


6*0 


8*0 


Yes 


4 


14- 0* 


2-0* 


** 


10*5 


2*625 


** 


Yes 


3 


— 


— 


— 


11*0 


2*0 


2*5 


Yes 


3 


** 


** 


** 


120 


1-75 


4*0 


Yes 


5 


13-3 


1-0 


2-8 


13*3 


1*0 


2*8 


Yes 


2 


12-0 


0*625 


0-5 


— 


— 


— 


Yes 


3 


14-0 


0*5 


1*5 


— 


— 


— 


Yes 



* Creep flanging 
Blank return to this question 



Note; The table lists the facilities of the 22 companies returning pilot and revised long questionnaires who are 
dished end producers. A further 5 companies returned short questionnaires stating that they produce 
dished ends. These 27 companies are divided by pressure vessel oo^ut group as follows: 



Group 1 £1-50,000 

2 £50,001-200,000 

3 £200,001-500,000 

4 £500,001-1,000,000 

5 £1,000,000 + 



3 ccanpanies 
5 companies 
11 companies 
3 companies 
S companies 
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TABLE B(7) 

Heavy fabrication shop characteristics of 26 UK fabricators with ^op-bnOt pressure vessel 
outputs in 1966 of £200,000+ 



(a) Maximum crane lift {tons) 
1-50 
51-100 
101-150 
151-200 
201-300 
300+ 



Number of companies 
8 
7 
4 
4 

1 

2 



26 



(b) Total floor area {\fXiO sq ft) 
1-40 
41-80 
81-120 
121-160 
161-200 
201-240 
241-280 
281-320 
320+ 



Number of companies 
3 
7 
5 
2 
5 
0 
1 
1 
1 



25 



(c) Length of largest bay (ft) 
1-100 
101-200 
201-300 
301^100 
401-500 
501-600 
601-700 



Number of companies 
0 
2 
4 
6 
7 

3 

4 



26 



Note: see paragraph 17 of Annex B 
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TABLE B(8) 



Po lling and bending equipment of UK fabricators 



(a) Maximum width that can be rolled or bent (ft) 
1-5 
6-10 
11-15 
16-20 
21-25 



Number of companies 
0 
9 
13 
1 
2 



25 



(b) Minimum diameter that can be 


Number of companies 


rolled or bent (inches) 


Mild steel 


Mild steel 




(hot) 


(cold) 


1-10 


3 


6 


11-20 


2 


7 


21-30 


2 


8 


31-40 


2 


0 


41-50 


1 


0 


50+ 


0 


1 




10 


22 


(c) Maximum thickness steel at any 


Number of companies 


diameter (inches) 


Mild steel 


Mild steel 




(hot) 


(cold) 


Up to 2 


2 


10 


2-4 


1 


10 


4-6 


3 


2 


6-8 


2 


0 


8+ 


1 


1 




9 


23 



Note: see paragraph 17 of Annex B 
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TABLE B(9) 



Madiming and weldii^ eqoiiHiient of UK fabricators 


Maximum diameter that can be 


Number of companies 


machined (ft) 


By 


By 




boring 


turning 


Up to 5 


3 


4 


5-10 


7 


5 


10-15 


4 


10 


15-20 


7 


2 


20-25 


1 


1 


25-30 


1 


1 


30-35 


0 


1 




23 


24 


1 Maximum diameter that can be 






automatically circumferentially weldedift) 








Number of companies 


Up to 5 




1 


5-10 




0 


10-15 




8 


15-20 




11 


20-25 




3 






23 



TABLE B(10) 

Tn.<q>ecHf>n eqaipment of UK folmcators 
(a) Inspection equipment of 26 companies Number of comparues 



Ultrasonic 


20 


X-ray 


26 


Gamma-ray 


19 


Hydraulic 


26 



(b) Use of X-ray inspection: 

total length radiographed in 1966 (1,000 /r) 

Up to 10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 
90-100 

16 



Number of comparues 

4 

5 
2 
1 
2 
0 
1 
0 
0 
1 



Note: see paragraph 17 of Amuse B 
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TABLE B(ll) 

Stress relieving and/or nor malis in g furnaces (SRF); and annealing or plate heating 
furnaces (AF) 



(a) Maximum temperatures (°Q 


Number of companies 


SRF 


AF 


60G-700 


3 


0 


701-800 


5 


0 


801-900 


2 


0 


901-1000 


3 


2 


1001-1100 


4 


4 


1101-1200 


2 


7 


1201-1300 


0 


2 




— 


— 




19 


15 


(b) Lettgth of furnaces {ft) 


SRF 


AF 


Up to 10 


1 


1 


10-20 


1 


9 


20-30 


6 


5 


30-40 


1 


0 


40-50 


5 


1 


50-60 


4 


0 


60 


1 


0 




— 


— - 




19 


16 


(c) Maximum diameter of vessel (SRF) 


— 


“ 


or width of furnace (AF) (ft) 


SRF 


AF 


Up to 5 


1 


0 


5-10 


3 


3 


10-15 


8 


12 


15-20 


7 


1 


20-25 


1 


0 




— 


— 




20 


16 



Note: see paragraph 17 of Annex B 
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UK supply: commercial and technical factors 



Personnel 

General 

1. In the course of the fabricators’ interviews, the survey team was able to meet a 
cross-section of the staffs of companies including: the Managing or Engineering 
Director, Works Manager, Planning Engineer, Accountant, Personnel Manager, Chief 
Draughtsman. Interviews were rarely at Foreman level, through lack of time. This 
cross-section of management did provide a valuable insight into the overall operation 
of a company and certain similarities in terms of attitude and policy, both for pro- 
duction and sale, were encountered. The views recorded in the following Annex are those 
of the individuals comprising the interviewing team. 



2. It was possible to form an impression of the calibre of management, although it 
would be clearly an impertinence to pass judgement on the quality of management 
staff in an industry on the basis of a brief discussion. However, certain facets do stand 
out: there appears to be a certain conservatism of attitude which is sometimes char- 
acterised by a lack of initiative in the search for new policies. There were exceptions, 
but in general the impression was formed that the revolution in attitude required for 
an aggressive attack on export markets would be achieved by an influx of fresh and 
well qualified men. These would only be attracted through being given both respon- 
sibility to shape policy and reasonable salaries, and here the size of individual companies 
has a major role to play. There are, of course, some very notable exceptions to the 
impressions gained. 



3. Where conservatism of directors occurs this has an influence throughout the rest 
of the personnel of a company, in that attitudes permeate downwards. There is clearly 
a ‘precedent required before action is taken’ system, rooted in certain quarters of heavy 
engineering industry with its interlinking aspects of personnel, management, techmcal 
staff, skilled labour, training, etc. All these aspects have to be considered together as 
each component of the system affects the others and plays its part in making sure that 
as little change as possible takes place. 



4. These problems are not peculiar to the pressure vessel industry', and are found in 
several of the older engineering sectors in the United Kingdom. A lot is said about the 
need to change management and labour relations, but in the survey’s opinion this will 
only come if the necessary injection of ‘youth’ and changed ‘image’ comes into the 
manag em ents of some of the companies in the pressure vessel industry. Again, in 
contrast with continental practice and some leadmg UK companies, the general lack of 
human contact between shop management and labour was striking; this is part of the 
proverbial ‘we’ and ‘they’ attitudes which are at the root of most productivity 
problems. 
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Management 

5. If the main role of management is to provide the most efficient day-to-day operation 
of a company, combined with the possession of the tools and the ability to use them 
(which is necessary for the planning of a profitable future), then there is room for 
improvement in the management of certain quarters within the pressure vessel industry. 
A number of examples were encountered of the lack of knowledge by management of 
advanced costing techniques as an essential screen for the planning and production of 
the most profitable items. Thus management tended not to keep statistics of output by 
product category; management might invest in new plant without estimating the likely 
return on expenditure; management frequently did not attempt to allocate overheads 
accurately, so that the varying profitability of alternative lines was concealed. Some 
companies adopted particular costing methods without noticing their implications for 
the company’s market position — a blanket overhead, for example, would attract 
exotic work since many other companies applied higher overhead charges to these 
difficult vessels. These were only general impressions, and it must be emphasised that 
some of the companies interviewed had very sophisticated systems of costing. 

6. From the standpoint of the future, there were significant gaps in the knowledge of 
market trends for major process industries served by the pressure vessel industry. A 
number of fabricators stated that they did not think it necessary to find out the uses to 
which their vessels were being put. Without this knowledge, however, the most simple 
form of market research was impossible. A method of closing these gaps is discussed 
later in this Annex. 

7. On the organisation and control of their workshops, many companies agreed they 
had been remiss in the past. The shops seen were often fairly old, cramped in space and 
inconvenient, although there were commendable exceptions. There were, however, 
many indications that the management of the industry was aware of its shortcomings, 
and that steps in some cases were being taken to remedy these. The major concentration, 
however, was on the reorganisation and rationalisation of fabrication shops, which, 
however important, would only show appreciable results if the other problems of 
labour productivity and markets were also tackled. 

8. There was considerable frustration in the industry which obviously contributed to 
‘ossification’ of attitudes. This frustration was engendered by a number of factors: 

that after bitter complaints in 1966 from their customers about lack of productive 
capacity, the demand should fall right away in 1967; 

that enquiries kept coming in but few of these related to work for which orders 
could actually be placed; 

that despite cutting profits to zero on many orders, foreign competition was coming 
in at prices which were sometimes 10-15% below those of British prices (during 
1966-67). 



staff 

9. The main types of professional staff employed by fabricators are: works managers, 
planning engineers, design engineers, sales managers, metallurgists and accountants. 
It was not possible to meet the full complement of staff in all companies visited, but in 
most cases two or more staff representatives were included in the discussions. As in 
all industries there was a fair range of ability; whilst the general impression was of a 

190 



Printed image digitised by the University of Southampton Library Digitisation Unit 



ANNEX C UK supply: COMMERCIAL FACTORS 



good level of competence, the weakest areas were perhaps those of sales and costing. 
The industry’s faults appeared to arise not so much at the level of its professional staff, 
but at top management or board level where the major policy and financial decisions 
were made. 

10. No complaints were heard about the difficulty of getting professional staff. The 
training schemes for staff, including short courses, were quite well developed in most 
companies, and genuine ‘staff career planning’ systems were encountered occasionally. 
The development of a strong group of technical staff does fall to a considerable extent 
upon the personnel department. However, technicians and laboratory apprentices do 
present a problem. These youths used to represent an intermediate stage between craft 
training and higher education: five ‘O’ levels would be a typical qualification. Recently 
firms have found they are going on to technical colleges or some other form of further 
education instead of filling these posts. A revised career structure may therefore be 
needed. 

11. More attention should, it is felt, be given to the drawing office, for if it is conceded 
that technical iimovation is one key to the problems of the pressure vessel industry, 
the part played by the drawing office and, in particular, the design team will be the most 
important. The character and quality of a drawing office is usually well represented in 
the person of the Chief Draughtsman. This post should not be regarded lightly, and we 
suggest that many fabricators should ask themselves if the enthusiasm in their drawing 
office is all that it should be. 

12. Drawing, as distinct from design, is not necessarily an interesting task. A draughts- 
man on whom depends, or will depend, the design of vessels and, therefore, a great deal 
of engineering innovation, must be given the necessary enthusiasm. Of course, tto 
comes from the interest in his work shown by his superiors, especially the Chief 
Draughtsman, and the extent to which his ideas are encouraged. 



Skilled labour 

13. Most informants found skilled labour hard to get, but the worst areas appeared 
to be the South, followed by the East and West Midlands. People’s dislike of moving 
and lack of housing were given as the main explanations of failure to attract men from 
the areas with high unemployment. 

14. Several informants pointed out that heavy fabrication work was arduous and 
demanding, and often done in hot and cramped conditions. Men could find easier jobs 
offering as much or more money. The fact that the work required skill and inteUi^ice 
was more often regarded as a disadvantage than an advantage from the point of view of 
recruiting and holding labour. Unless some means can be found of ra i s in g wages, or 
possibly of downgrading some of the skilled jobs, the position could get woise. Already 
some companies relied on an ageing work-force. 

15. Within this common picture there were regional variations in 1967, outlined 
below: 

Northern England and 
Scotland 
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Midlands and parts of Informants here were almost unanimous in praising the 

Yorkshire skill and energy of their craftsmen, but the labour 

situation was one of the tightest in the country, and it was 
very easy for men to move. This led to severe inflexibility 
in working; companies lost men unless they offered the 
traditional working week, consisting of day shift only 
with the desired number of overtime hours. These accepted 
norms can vary from one factory to another and were 
hard to change. They represented a severe operating 
limitation in a fluctuating market; 

South East The labour situation was as tight as in the Midlands, with 

the same effects, but from companies’ comments the 
craftsmen did not seem to be of quite the same high 
calibre as in the Midlands, and were even harder to keep. 
Restrictive practices were less evident. 



Trade Unions 

16. The first point to be made is that the companies seen varied very widely in regard 
to union organisation: there were non-union shops (where unions were not recognised 
in management negotiations but the men, of course, might belong to one if they wished) ; 
open shops and closed shops; shops where all or most of the men belonged to just one 
union (Boilermakers Society, Municipal and General Union); and shops where the 
management dealt with up to six unions in regard to pressure vessel fabrication. The 
unions most commonly found were the Boilermakers Society, the AEU, the TGW, the 
Sheet Metal Workers and the Municipal and General Union. The variation between 
companies reflected partly their differing industrial backgrounds, and partly regional 
and company traditions. Totally different situations could be found in factories a few 
miles apart. 

17. The most important individual tmion in pressure vessel construction was found 
to be the United Society of Boilermakers, Shipbuilders and Structural Workers. In 
most heavy fabrication shops all the skilled workers belonged to this Union, except the 
machinists and certain welders who may belong to the AEU. In the purely stainless 
steel shops the Boilermakers were most likely to be replaced by the National Union of 
Sheet Metal Workers and Coppersmiths. 



Productivity 

1 8. Labour problems seem to be notably less troublesome with respect to the Copper- 
smiths than with the Boilermakers, and companies with non-union shops naturally 
enjoyed a high degree of flexibility in the organisation of work and in methods of paying 
their men. Some companies with union shops enjoyed a similar degree of freedom: in 
the final analysis, differences between companies in this respect must be ascribed partly 
to personalities on both sides in the company and local union staff", and not necessarily 
to the policy of a particular trade union or to a regional tradition. 

19. It is, however, local union policy to resist flexibility between trades and rigid 
demarcation was observed in some union shops, this appeared to be particularly where 
the Boilermakers Society was strong. It should be noted that there is a definite difference 
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in the attitude between shop stewards and local union officials on the one hand, and the 
national trade union leadership on the other, but it is the former which seems to be the 
most relevant in determining the degree of labour flexibility existing in a given shop. 
One company had persuaded the unions to agree to a pool of three skilled men who 
worked in a variety of trades as required while the rest kept to their own crafts. Other 
companies, both in the north and in the south, had achieved a higher degree of flexibility 
than this with men in different craft unions working easily together, and men occasion- 
ally working outside their own crafts. Some companies where rigid demarcation was 
observed claimed that they would not want anything else. Oth^ companies’ struggles, 
however, to achieve flexibility suggest that there is a significant saving to be made, and 
the subject is discussed in more detail under ‘demarcation’. 

20. Other comments heard were that the unions resisted the introduction of new 
machinery, of work study and of incentive methods of payment. One company in 
Scotland said that the uniom had completely blocked the introduction of advanced 
machines by their claims for overmanning and overpayment: in the other companies 
visited automatic welding equipment and other forms of machinery had been intro- 
duced without difficulty. It does seem to be true, hoWevw, that unions tended to 
resist the introduction of work study and incentive methods of payment. Most of the 
successful schemes operating in companies visited had been introduced in the teeth of 
union opposition. Some companies were still unable to put such schemes into effect. 
Nevertheless, the impression was gained that companies suffidently determined and 
patient could achieve most of what was desired, with the exception of flexibility be- 
tween trades. 

21 . The control and measurement of productivity depends on work measurement and 
the setting of standards. Most of the successful compani^ seen had some form of 
measured work in operation, though it might be a crude system in all companies 
because of the high costs of carrying out a full operational analysis in this industry. 
There is scope here for the development of a standard but flexible system of work 
measurement, job control and costing for the smaller fabricator. 

22. Several companies which had put in work measurement and incentive paymoit 
schemes recently claimed an immediate increase in productivity, accompanied by a 
drop in overtime. These improvements can be attributed partly to the linking of wages 
to output, but also to the better organisation of work that was usually a side effect of 
job analysis. Incentive payments alone were found to be of limited value in some 
r^ons: the men have target earnings figures as they have a target length of working 
week and work only hard enough to achieve this sum; the increasing wei^t of taxation 
on additional earnings was also said to be an important deterrent. The achievement of 
a high and consistent rate of output, therefore, is a complex problem of human relations 
in which the management of the shop is more important than the method of paymait 
used. 



Payment schemes 

23. Examples were found of all the main payment systems amongst the companies 
visited; simple piece rate, basic rate plus individual bonus, basic rate plus shop bonus, 
and simple basic rate. Many companies had just changed or were about to change the 
system, usually towards individu^ bonus schemes. Bonus schemes may be on a shop 
basis or an individual basis and the latter, of whidi Measured Day Work was an 
example, offered the advantages of personal incentive and the possibility of more 
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accurate cost analysis. However, when the bonus scheme was aimed at individual jobs, 
i.e. piece work, and a man’s wages were entirely or largely made up of piece work 
payments, the importance of the rate fixed could lead to argument and to inaccurate 
standards and often out-of-date rates. It was also said that the close control a m^ had 
over his own wage packet may for personal reasons, or more likely from Union 
pressure, make him change his pace at the end of the week to bring his wage packet to 
the ‘norm’. 

24. Measured Day Work is designed to overcome these problems and is a long term, 
low value bonus system. The bonus is no longer aimed at jobs but at the work done per 
day over a period of, typically, 3 months. Standards have to be set up and these are 
based on historical records. A man’s wage for three months depends on his per- 
formance in the previous three months and is adj’usted at the end of each three months. 
The bonus involved may be in the order of 10% with perhaps another 10% based on 
length of service, qualify, and time-keeping. 

25 The advantage of an individual bonus scheme is that the incentive, being very 
personal, is the maximum. The disadvantages are: 

the complication and, therefore, the cost of setting up and operating it; 

constant argument about the ‘rate for the job’; 

an unwillingness of any one worker to help another ; 

the almost moral objection that skilled men would be paid according to their speed 

rather than their quality. 

26. Measured Day Work maintains the advantage of an individual bonus scheme, but 
keeps the supplementary component of the wage quite small and subject to variation 
over a long term, eg three months. As the base on which the system is built is measured 
and not argued, the system offers an advantage that individual bonus schemes should 
but usually fail to offer, viz. complete and accurate costs of production by vessel and 
operation. 

27. An alternative system of payment which has its own particular advantages is a 
shop or factory bonus system — one could call it profit sharing — ^with an individual 
merit payment recognising skill, versatility and rapidity, and administered thorougUy 
impartially. Such a system of payment would encourage the concept of a team while 
recognising individuals in their own right. At the risk of over-complication, it may be 
worth investigating the possibility of combining Measured Day Work with shop bonus. 



Demarcation 

28. The most important weapon of the unco-operative shop steward and the biggest 
difference between British and European labour lay in demarcation. 

29. The fact that it has been practised within the whole of living memory is the main 
reason why its significance is not always appreciated by management. Perhaps it is a 
problem too big to attract specific consideration. Naturally, management has learned 
to live with it, but it could lead to more useful results if management put its principal 
effort into reducing demarcation rather than regularly changing the payment system. 
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30. The specialisation of trades, the necessity for continuous practice to maintain 
skills, and the need for separate production operations means that at any one time 
nearly all skilled workers will be doing one type of job only, and that the majority will, 
in fact, be doing only one type of job all the time. 

3 1 . Pressure vessels are all dissimilar. Since the work load fluctuates, the concentration 
of work in the heavy shop varies from plate forming to final assembly and so on. Thus 
the amount of work available at any one time for each trade must vary, and because of 
the ‘rules’ of demarcation, it was quite possible for one group of men to be idle while 
the others cannot cope with the work load and thereby cause a bottleneck in production. 
This has a general effect on the whole of the shop, and productivity may be reduced 
through a number of individual causes. 

32. To illustrate the above, skilled workmen of each of the two leading trades may not 
carry out work ‘belonging’ to the other, or belonging to a semi-skilled trade even though 
production bottlenecks may result due to a semi-skilled labour shortage. A classic 
example of the former is tack welding, and of the latter weld chipping-out. Under 
present conditions, it is rather unlikely that platers would pick up a welding torch even 
for tack welding, a task easily within a plater’s capabilities. So, after the plater has bent 
or rolled the plate and pulled it into position, a welder must be called to carry out a 
short operation; either the welder interrupts his other work, or the platers have to wait 
for him, entailing a loss in productivity in either case. Again, if the welder refuses to 
chip-out, how much time, especially while hand welding, is lost waiting for the chipper- 
out? If the operation of a welder and his mate are really subjected to work-study it 
would be revealing to discover the proportion of the time of each which is spent 
waiting for the other. 

33. Demarcation can actually occur within the same trade and, it is understood, a 
classic example of this is that AEU welders are not allowed to work alongside Boiler- 
maker welders. 

34. The above are examples of widespread practices and their adverse effect on the 
essential flexibility needed for shop planning cannot be unduly stressed. No quantitative 
figures from the information gathered in this survey could usefully be suggested for the 
increase in productivity that would accompany an interchange of work between trade, 
but it is <»rtainly considerable. 

35. A general free-for-all in work distribution is not suggested, but the following 
steps would overcome most of the problems and align the UK with most other Euro- 
pean countries: 

the formation of a pool of exceptionally skilled workers, who could be transferred 
from plating operations to welding as the production required; 
the possibility of all platers and welders doing the simplest tasks of the others’ trade 
as the need arose; 

the possibility that any skilled man may carry out tasks, themselves unskilled, but 
forming part of his overall skilled operation. 

The two basic trades of welding and plating are here defined as skilled, and this repre- 
sents a sensible breakdown of trades in the Boilermakers Sodety. Among semi-skilled 
workers an almost complete flexibility should be maintained, again with the possibility 
of men able to do two jobs. If this were brou^t about, an assodated modification of 
wages would be necessary, and it seems perfectly fair that the men able to do two jobs 
should be paid more than those with only one expertise. 
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36. Jt is one of the major findings of the survey that if the practices associated with 
‘'demarcation' were to be substantially reduced it would enable the UK pressure vessel 
industry to maintain and to improve its position competitively on a world basis. 



Training 

37. The quality of skilled men in this industry, as in most of the British industries, is 
as high as anywhere else. The foundation for tWs skill is in the five year apprenticeship 
system which, for all its slowness, produces craftsmen of high standing. At the same 
time the apprentice has many other, less desirable, traditions instilled into him. 

38. Apprentice training was now more refined, distinct plans and schedules were now 
followed, and real progress was being made under the auspices of the Industrial Train- 
ing Board. Government rebates rendered the purchasing of training facilities an interest- 
ing proposition for companies, and many training schools visited were often in the 
process of expansion. Training oflficers were invariably enthusiastic and often extended 
the training into extra-curricular activities. 

39. Craft apprenticeships usually began with between nine months to one year in 
training school, followed by a year of short periods in different departments. By then 
the apprentice was in a position to choose his craft, and spent the next three years on a 
more specialised training to become a plater, machinist, welder, etc. according to bis 
choice. 

40. Both technicians (including draughtsmen) and student apprentices received a 
shortened version of the craft apprentice basic training. 

41. Few criticisms of apprentice training could be found. The only change of signific- 
ance suggested is that a normal goal for top apprentices should be to become dual trade 
craftsmen. 

42. It is also worthwhile mentioning that the supervision of apprentices, once they 
were in the shops, was often unsatisfactory. The idea of a ‘senior craftsman’ looking 
after one or two apprentices all the time should be considered seriously, as an older man 
had more patience to teach and more experience to pass on, but was not likely to be as 
fast a worker as a younger man. 

43. The apprenticeship system was the only system whereby a man could be con- 
sidered skilled. If he was not, therefore, skilled by the age of twenty-one, all the doors 
were closed. This situation appears irrational in view of: 

the shortage of skilled men; 

the Government policy of redeployment, which by its very nature involved the 
retraining of men from a dying industry to an expanding one. 

44. It is not suggested that the apprentice system be relegated, but simply that if a 
man of 30 or 40 years of age is able to follow a satisfactory training and match the 
necessary standards, this ability be recognised by management and unions. This is 
particul^Iy true for welders whose work is often in a narrower field than platers and 
who could, therefore, be trained more quickly. Welders, though a full ‘skill* in the 
Boilermakers’, are not recognised as such in the AEU unless they are fitter-welder, for 
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example. It could be suggested further that the welder who is completely versatile (being 
familiar with hand and machine welding, different techniques and materials) should be 
the product of an apprenticeship, while the more specialised welders who mi^t 
concentrate on one type of machine should be trainees from Government centres and 
other courses. 



45. Training, like demarcation, can be used as a means of protecting those who have 
already been trained against possible dilution. This and corresponding aggravation of 
the labour shortage should be minimised so as to further improve Britain’s competitive- 
ness in pressure vessels. 



Sales and marketing 

The market conditions for pressure yessels 

46. In respect of the relationship between fabricators, contractors and final users it 
can be said that the majority of pressure vessels pass throu^ the hands of contractors 
and are for installation in complete new plants. Sales of vessels directly to final users are 
more likely to be for replacement or modification, or for installation in new plant wh^e 
contractors are not very active, e.g. food plant and pharmaceutical plant. The pre- 
dominance of stainless steel in these last mentioned industries explains why stainless 
steel specialist fabricators have a larger proportion of sales direct to final users. 



47. There are other cas^, such as: when a fabricator is in the same group as a 
contractor; when a fabricator offers complete plant; and in rare cases whwi a fatwricator 
is owned by a final us^". These are rather exceptional cases and only the two most 
important sales methods are considered, viz. direct to usa: and via a contractor. Some 
comparisons between the two methods are given below. 



48. Contractors are a most important part of the pressure vessel market. They do not 
actually generate pressure vessel demand, but they do determine where the pressure 
vessels are built. Firstly, on a world-wide basis the British-based intematioimlly 
operating contractors, in competition with contractors operating from other countries, 
bring a potential pressure vessel order into the UK. Then, secondly, both for these 
overseas orders and for home orders, the contractor chooses his would-be t^idorere 
and makes the final choice of pressure vessel suppli^. 



49. The methods of choosing the pressure vessel suppli^ are not particularly subtle. 
Requests for quotes are put out to several fabricators, specifying the vessel often to the 
stage of a complete drawing. A delivery date and a dead-lii» for the quotation are 
specified. Provided these timing exigencies were accepted by the falwicator, tl^ one 
putting in the most reasonable price received tl^ order. 

50. When both demand and supply gave rise to a reasonably telanced growth siah a 
system worked well enough. But as soon as an appreciable imbalance occurred the 
market became either a buyers’ market or a sellers’ market. For about the last decade 
the British pressure vessel industry had often been in a p<»ition of disbalance one way 
or the otho' to the detriment of the industry and of the customras. 
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51. For example, in 1966 there was a sellers’ market, and the symptoms were as 
follows: 

British fabricators offered long delivery times; 
they often exceeded the promised delivery time; 

the British fabricating industry (according to the customers) had an. indifferent 
attitude towards customers; 

British prices lost their keermess. 

52. These effects generated considerable dissatisfaction among the purchasers of 
pressure vessels, and quite a considerable number of pressure vessel orders were placed 
abroad. Of course, under these conditions the British fabricating industry made little 
attempt at direct exports. 

53. During the last months of 1966 and the first three months of 1967 the pendulum 
swung completely the other way. During the remainder of 1967 pressiure vessel orders 
were at a low level and fabricators met difficult business conditions to such an extent 
that a large part of the industry made little profit, or even losses. The price-cutting 
competition occurred amongst and between regular fabricators who commonly 
accepted work at a loss to be able to keep on their labour force. The situation was 
further aggravated through an ignorance by some fabricators of costing techniques, 
which could result in making a quotation with, unknowingly, no profit content. 

54. The influence of non-regular fabricators may be considered minimal as the types 
of vessels they can make are not sophisticated and affect only a small low value part of 
the market. Contractors, whose vessel requirements are normally quite sophisticated, 
do not appear to use anything but regular fabricators as prime sub-contractors. 

55. It is ironic that, in addition to the competition between UK fabricators, compet- 
ition from foreign fabrication industries is still very much present during depressed 
periods of UK demand, as there is usually at least one continental country in a similar 
state of depressed home demand at any given time. During 1967 this was West Germany, 
and in 1965 and early 1966 it was Italy. These countries, in contrast with the UK, did 
turn to export markets when their home markets were depressed. 

56. The foreign competition (which during 1967 represented price differentials of 
between 15 and 30% on many large and/or sophisticated vessels) had taken a certain 
proportion of the UK pressure vessel work available and caused bitterness amongst 
some UK fabricators. According to calculations, the foreign prices were often little 
above material and labour-costs, an allegation which has been supported to a certain 
extent by some of the European interviews. 

57. The fluctuating demand for pressure vessels is not a phenomenon limited to this 
one industry ; the fluctuations are phased with (but not directly in-phase with) the whole 
country’s economic peaks and troughs, and the 1967 trough in pressure vessel demand 
followed the July 1966 Government measures. Nearly all other mechanical sectors were 
affected. Whilst there are grounds for hope that such ‘stop/go’ policies may be alleviated 
by the devaluation in November 1967, a more sensible approach for a fabricator would 
be to accomodate his company to these fluctuations and to see how their effects can be 
minimised. 

58. The first measure should be to endeavour to widen the potential market through 
exports. These are dependent on the country’s monetary and foreign trade policies. 
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The 1967 devaluation is favourable to an increase in the international competitiveness 
of the UK industry, provided no prohibitive measures were to be taken by countries 
representing potential markets for exported pressure vessels. For instance, there was a 
10% tariff barrier in the Common Market operating against the UK, but with a de- 
valuation of 14*3%, implying a price reduction of some 4-6%, this should now be 
minimised. The consideration of entry into the Common Market could completely 
change the present home-market bound approach, particularly with the concomitant 
greater pressure of imports into the UK from the Common Market. 

59. A large single economic market made up from a number of individual national 
markets has the dear advantage that peaks and troughs in demand do not usually 
occur in every part of it all at once, so that total market demand tends, therefore, to be 
less fluctuating. 

60. Many British fabricators, in order to continue profitable business, should change 
their negative approach to exporting and endeavour to evaluate potential export 
markets. Overseas agents and offices should be set-up in areas of interest, for example 
in the European and American market. Some of this marketing effort, and certainly 
the market research, could be shared for exports, and it is felt that a trade association 
could help to organise a viable system. 



Purchasing methods and engineering 

61 . Nearly all the fabricators expressed the view that either it would not be worth their 
while to increase their attempts at techmcal innovation, or that their present attempts 
brought them little satisfaction. They tended to blame this on their customers’ purchas- 
ing methods, and considered contractors to be more blameworthy than final-user 
customers. 

62. Technical innovation requires development and design facilities of considerable 
cost, adding to overheads, but this enables the fabricator to offer the most sound 
pressure vessel in the best technical and economic terms. New techmques often involve 
new equipment, but the technical standing of a fabricator rather foHovra on from his 
design and development facilities. 

63. It is important to distinguish quality from technical innovation as, although they 
are often associated, they are not necessarily interdependent in a straightforward 
manner. Contractors’ appreciation of quahty is discussed later. 

64. The contractors’ appreciation of a company that could offer technical innovation 
appeared to be negligible. Cases of collaboration between a fabricator and con^ctor 
at the design stage appeared to be rare. The contractor appeared to expect nothing but 
a manufacturing service from the fabricator. In many cases the vessel specifications 
were already virtually complete. Not only were the design s t a n da r d and material 
specified, but the complete drawing was often included. All that remained fr^uently 
for the fabricators’ senior designers was to check the work of the contractors design 
staff. It is considered that collaboration at the design stage, with the mechanical design 
of the vessel in the hands of the fabricator, is essential. 

65. With the prevalence of local buying in home and foreign markets resulting mainly 
from hi gh transport costs, there can be little doubt that Britain s fiiture exports must be 
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based on a high engineering reputation, with the emphasis on advanced design and the 
use of sophisticated materials and techmques. The British pressure vessel industry 
should also concern itself with productivity. Continuing improvements in productivity 
are absolutely necessary to enable the country to continue to compete with the Italian 
and German industries. 

66. If the contractors are to encourage technical innovation in fabricators they must 
start by revising their purchasing techniques, in particular by developing the use of 
time and money saving procedures such as negotiated ordering and very limited tender. 
They must be made to realise that their own competitiveness would be improved 
further with a strong and technologically oriented hardware industry behind them, 
particularly in export markets. The present cost of tendering is enormous with respect 
to overall costs as success rates of fabricators are so low: about 5%-10% was not 
uncommon in 1967. This figure includes quotes on budget enquiries which, at present, 
are not necessarily marked as such by potential customers. To ask the fabricator to take 
on more responsibility for design would not be acceptable unless his success rate were 
increased considerably. Negotiated ordering would be particularly helpful for very big 
specialists by enabling them to plan both their fabrication programme on a medium 
term basis and their development effort. 

67. It seems certain that fabricators have a good case when they say contractors give 
them little credit for their attempts at technical innovation. 

68. Fabricators also often attack contractors on the grounds that quality is not 
recognised, which gives rise to all the bitter complaints about contractors giving orders 
to time-to-time and low quality fabricators. No evidence was found to support these 
allegations. Contractors* buyers are not necessarily engineers, but they are hard- 
headed professionals. They have, nevertheless, a basic list of acceptable fabricators, 
which list is controlled by technical staff. 

69. The fault is rather that after the receipt of the large number of tenders the engin- 
eers no longer have effective control of the tender appreciation. Thus there is no in- 
dividual tailoring of a given vessel to the ideal fabricator. A technical appreciation is 
not generally included in the final tender analysis. The occasional opportunity occurred 
of speaking to members of engineering staffs of contractors. They explained they had 
little influence over the buyer during tender analysis, but that once the order was placed 
for a pressure vessel it was up to the project engineer to ensure delivery of the goods. 

70. There appeared, therefore, to be a real problem of communication both between 
fabricators and contractors, and between the commercial and technical staff of each. 

71. The following changes in contractors* present buying methods are therefore 
suggested: 

that sophisticated vessels often be purchased by negotiated ordering; 
that the mechanical design of vessels be left to the fabricator; 

that, for orders placed by competitive tender, the requests for quotes be given to a 
limited number of fabricators for each vessel; 

that most of those requests for quotes which are for costing purposes only be elimin- 
ated, and such data be calculated by the contractor’s own estimating department. 
The remaining ‘costing only’ requests should at least be clearly marked as such; 
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that contractors’ purchasing departments should work in co-operation with the 
engineering staff, in particular for tender appreciation what judgements of a fab- 
ricator’s particular design and production facilities are necessary. 



Fabricators^ selling methods 

72. Pressure vessel purchases were found to be almost invariably initiated by the 
purchaser, in the sense that the selling methods of many fabricators did not go any 
further than reminding potential customers of their existence. A further step could be 
taken by the fabricators, that of reminding the customers of their existence in the 
context of specific jobs. 

73. Two basic approaches were used by fabricators: travelling representatives who 
contacted contractors at buyer levels and management contact which took place at 
higher levels, often at social functions. The relative importance of the methods varied 
and, in general, the latter method was considered more important by the larger fab- 
ricators. Personal contacts really are quite important when it is considered that the 
majority of UK pressure vessel demand is covered by about twenty contractors and ten 
final users. The number of large customers is thus small enough to enable the establish- 
ment of adequately close contacts. The sometimes secondary importance of salesmen, 
with respect to contracts won through management contacts, partially explains why 
most fabricators only have salesmen of technician training or less. For most fabricators, 
direct exports fitted nowhere into these arrangements. 

74. Once again, any change in the system could only take place if market conditions 
were changed. Ideally the selling, purchasing and designing of pressure vessels should 
often involve collaboration between supplier and purchaser — and particularly col- 
laboration at a technical level between engineers of both sides. Qearly in such circum- 
stances the status and importance of salesmen would be appreciably increased. 

75. Fabricators with a slightly more advanced sales technique backed their sal^ 
effort with desk work. This involved their being informed on new projects which could 
lead to a pressure vessel order through the analysis of various trade publications. This 
was the only existing example of industrial ‘intelligence’ and it is considered that v^ 
much more effort should be put into market lesearctu 

76. Much of the market research de^ed desirable is fairly massive and sophisticated 
and could best be done by a combined effort, for example throu^ the auspices of 
TIPA. The following information should be made available to the subscribers: 

market breakdown of materials, pressures, sizes and ‘class* by function and by user 
sector. Troids would also be diseased; 

market conditions existing in the UK and overseas and the identification of those 
types of vessels most Ukely to be sold successfully; 

‘intelligence’ on the future plans of leading ch^nical companies, etc. 

77. It is considered that an export market survey requires top priority and that by 
following it British fabricators would be in a stronger position to take realistic decisions 
about export plans. 
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78. It seems that essential steps in exporting are the setting up of overseas sales offices, 
representatives and agents, and the carrying out of positive selling, ie the sales managers 
should actually visit American and European contractors and final users, etc. and 
expound their abilities. Market research is not the only aspect on which combined 
efforts could bring results. 



79. Instead of every fabricator having to inform individually evep' customer of his 
existence, a ‘British Pressure Vessel Manual’ might be published. In it every member of 
the Trade Association would state his product range and specialisation. Also in the 
‘Pressure Vessel Manual’ fabricators could be Class I or Class 11 and, if both, separate 
workshops would be implied. Here Class II could be defined so that, by and large, 
Class II vessels could not economically be made in a Class I shop. 



80. The various points made in this section are as follows; 
fabricators selling methods should become more technically orientated; 

market research systems should be set up centrally for both home and export markets ; 
British fabricators should start contacting potential overseas customers and set up 
overseas agents and offices ; 

under the auspices of the trade organisation a manual describing the British pressure 
vessel industry and its members should be produced. 



Design 

General 

81. If vessel design can be regarded in two stages, chemical and mechanical, it is 
considered that the latter should be the task of the fabricator. Thus, from the chemical 
requirements, ie operating conditions, the overall dimensions and position of openings, 
the fabricator should take over and produce complete drawings. Only in isolated cases 
should a fabricator increase his share in the ‘chemical’ design. 



82. An apparent implication of the above recommendation is that fabricators’ desi^ 
staffs would need to be increased to cater for the increased design work. However, it is 
considered possible that the present mechanical engineering design complement may be 
adequate; indeed, an equally good case could be made to minimise the design overheads 
by using more intensively the design staff already in the industry. The fimitation may 
occur rather in the poor communications between the design offices of the fabricators 
and their sales staff, and the associated need for sales staff to educate the final user on 
cheaper methods of design and fabrication of pressure vessels that could serve the 
users’ needs equally well. This could include, for example, the further encouragement 
of users to specify vessels to BS 1515 rather than ASME Section VIII or other codes. 



83. Fabricators’ drawing offices varied from about three draughtsmen for a small 
fabricator (with perhaps 60 manual workers) to between 20 and 30 for a large fabricator 
(with perhaps 500 manual workers). One in three of the draughtsmen, or less, may be 
designers in the sense that they can take care of the original calculations and design of 
vessels. 
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Modifications 

84. Chemical plants, unlike atomic power stations, are never completely designed 
before construction begins. About the last thing to be confirmed is the piping arrange- 
ment. Thus the position and size of nozzles in pressure vessels are often subject to 
changes after construction has started. 

85. Contractors can see no way of cutting down these modifications although fab- 
ricators suspect many of them to be unnecessary. The cost of the vessel may not be 
directly increased by a modification, but the drawing office time lost and bad effect on 
the production planning do cost the fabricator more than he dares ask the customer to 
pay. The situation is further aggravated by the fact that nozzles, being a forged com- 
ponent, have often been a bottleneck and re-ordering can cause a serious delay. The 
situation in 1967 was said to be improving. 

86. It seems that fabricators will have to accept modifications and the following method 
is suggested which should alleviate the difficulties. It depends on the fact that openings 
are, or can be, made late in the construction of a vessel provided the necessary materials 
are available. 

87. After the design and tender price of a fabricator has been accepted, the principal 
dimensions and materials should be confirmed. Similarly the size of openings should be 
confirmed so that forged components could be ordered. The position of the openings 
should be confirmed a little before work on them is due to begin. 

88. These dates should be firmly written into the contract. Any modification coming 
after its guarantee date would be subject to a penalty to be written into the contract of 
sufficient magnitude to partially or wholly recompense the fabricator for his true losses 
resulting from the delay. 

89. Such a method would give contractors all the freedom they should need, and 
protect fabricators against serious changes in their production programme, but its 
adoption is dependent upon the existence of mutual understanding between the con- 
tractor and the fabricator. These proposals have no practical precedent on the continent 
and would therefore represent a unique innovation if adopted in the UK. 



Estimating 

Policy 

90. All companies practised some screening to identify work they cannot make: 
either by refusing to tender or by sub-contracting. But apart from this, the degree of 
screening on requests for quotes was found to be generally very low. Selective bidding 
policies were sometimes found and these were associated with progressive companies. 
There was seen to be an enormous effort — ^particularly in 1967 when orders were so 
few — put into estimating and quoting on everything which remotely resembled a 
potential order. 

91 . It is suggested that every company should define and publish its principal activities 
and be reasonably rigid in following a policy of only accepting work within its defined 
categories. The fact that every company should do this simultaneously is another good 
reason for co-operation through the Trade Association and the publication of a ‘British 
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Pressure Vessel Manufacturers Manual’. This, of course, should not hinder each 
fabricator from developing a market outlet for a specialised line of vessels and of 
adapting its structure to exploit the market opportunities thus created. 



Method 

92. The usual method of estimating is to list and cost materials, estimate the manhours 
(by trade) involved in the vessel construction, add to the labour costs thus calculated a 
block overhead of 200 % or more, and add the profit (10 % to 1 5 %) to the total. Trans- 
port may or may not be added separately to the overheads. Draughtsmen are usually 
excluded from the direct labour costs, and the definition of direct labour does vary 
somewhat from company to company, with corresponding changes in the overhead 
rate. A fairly common alternative to counting all labour directly attributable to a given 
vessel is to consider only key skilled workers as direct labour. 

93. With regard to the allocation of overheads, many companies have considerable 
difficulty in arriving at a just distribution which matches market conditions. Systems 
vary from a block overhead on the direct labour, to a different overhead according to 
the individual shop, or even the individual machine. For the overheads associated 
directly with a shop or machine (mainly consumables and amortisation), the allocation 
is fairly easy except that simple vessels cannot afford the overheads associated with 
equipment for heavy vessels. This is why low class vessels are virtually unmixable with 
sophisticated vessels from the production standpoint. Facilities for design, develop- 
ment, computer analysis, etc. present the real problem in the distribution of overheads. 
The simple vessels cannot afford the weight of these overheads and neither can the 
sophisticated ones since, to concentrate the overheads on them alone, could increase 
their cost beyond competitiveness. This problem is closely associated with the market 
conditions and the lack of incentive to be a technical innovator. 

94. Most estimators were ex-craftsmen who relied on their experience to estimate the 
labour input. This system reflected the basic lack of real production figures and his- 
toncal costs to help estimating, and partly explained why accurate estimates of labour 
costs were not obtainable. It was understood that the Union representatives were 
opposed to more objective methods, but such methods (eg work study) now need 
introduction if a real improvement in estimating accuracy is to be achieved. 

95. In all companies the relationship between sales, estimating, design, planning and 
control departments should be examined as these departments were all interdependent, 
and a false separation can cause difficulties. 



Procurement 
Steel plate 

96. Although not always the ‘critical path’ in raw material procurement, steel plate 
can be considered the most important, being, as it is, the basic material for fabricated 
pressure vessels. 

97. Due to the complexity of steel specifications with regard to content and treatment, 
and the large variety of possible dimensions, plaimed steel stocks of anything but simple 
carbon steel are considered impossible for any one fabricator. The only exception to 
this is likely to be with a maniifacturer of specialist vessels, eg cryogenic vessels, who 
uses only one grade of steel. 

204 



Printed image digitised by the University of Southampton Library Digitisation Unit 



ANNEX C UK supply: COMMERCIAL FACTORS 



98. Considerations of complexity of choice have also prevented the setting up of 
specialist stockholders for pressure vessel steels, and virtually all steel plate for pressure 
vessels is purchased directly from the mill. Since steel prices are standard the fabricators 
place their orders directly with the steel supplier. It should be noted that area stock- 
holders could serve a useful function through: 

(a) the grouping of fabricators in an area so as to generate group orders; 

(b) the BSC only effecting delivery against minimum order levels of, say, 50 tons as 

currently practised in the USA thereby forcing the fabricators to plan their purchases 

more collectively. 

99. Delivery of plate proved, particularly in 1966, to be a cause for delay in pressure 
vessel production during periods of high demand. Steels cited as causing particular 
trouble included molybdenum-containing steels, 9 % Ni steel and stainless clad steel 
In 1967 with the steel industry itself working well under capacity almost complete 
satisfaction with deliveries was to be foimd amongst fabricators. 

100. The survey team received quite a large number of complaints about steels, 
especially concerning delivery of laminated plate or plate with inclusions or plate with 
a poor surface. The discovery of an internal fault at an advanced stage of fabrication 
could be expensive, so many fabricators undertook their own ultrasonic testing of plate. 
Fabricators also criticised the extra charge (20%) for ultrasonic testing at the mill. 

101. There was no simple answer to the question of whether steel mills should give 
guaranteed properties. Not all applications of the same steel required the same quality 
guarantees, and a quality guarantee could only be based on imperfect measuring 
techniques. More effort should be put into international a^eement on steel standa r ds 
and, if international progress was too slow, the BSI should produce an interim national 
standard. 

102. It should be noted, with regard to ultrasonic testing, that despite arguments 
from steel producers about too large a reject rate, it would be less expensive to concen- 
trate the ultrasonic testing apparatus at the steel production plant, thus avoiding 
duplication of capital investment and the high costs in time and transport of replacing 
steel plate found faulty at the fabricators’ factory. Mill ultrasonic testmg, without 
additional cost to the users, appeared to be normal continental practice according to 
the European interviews. 



Forgings 

103. Forged components are purchased by pressure vessel fabricators in much the 
same way as contractors purchased pressure vessels, that is by competitive traider. As 
with the pressure vessel industry, the forgraiasters themselves were very short of orders 
in 1967 and suffered from success rates on quotes of the order of 5%. During periods 
of high demand, however, deliveries for for^ components lengths considerably, and 
often become the critical path in materials purchasing. 

104. Many of die problons of the forging industry are similar to those of the pressure 
vessel industry and a study of the former would probably give very similar findings to 
those of the present survey r^arding capacity, personnel, market conditions, design 
standards and equipment. The supply of forgings from the forging industry must be 
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at least as good as the supply of pressure vessels expected from the fabrication industry 
for the fabrication industry, in fact, to be able to achieve its anticipated vessel supply 
rate. Certain measures recommended for the fabrication industry in the present survey 
are therefore probably applicable to the forging industry as well. 



Electrodes 

105. One other concern was found amongst fabricators regarding the supply of 
electrodes. The multiplicity of brands was confusing and considered unnecessary. In 
fact some rationalisation of consumables supply would appear desirable. 



Dished ends 

106. Though not a true raw material, dished ends are worthy of a special mention 
since they can become a source of delay in pressure vessel manufacture. On average the 
supply of dished ends, by a limited number of pressure vessel fabricators to other 
members of the industry, seems to match demand; but, like pressure vessel demand 
itself, demand for dished ends is very variable. Fabricators dependent on their com- 
petitors for dished ends expressed some fear that during peak periods of demand the 
supply of these components could become critical. However, a serious reform of the 
present dished-end supply position would not appear necessary other than for a con- 
tinual improvement in service. 



Production 

Equipment 

107. The list of machinery in a well-equipped heavy fabrication shop includes; 
plate edge flame cutter 

plate edge planer 

circular and profile flame cutters 

rolls 

bending equipment 
pressing equipment 

welding equipment including fully automatic machines with s 5 mchronised rotators 
and moving beds 

machine tools including heavy lathes, and vertical and horizontal boring machines 

plate heating furnace 

annealing furnace for complete vessels 

shot blasting equipment 

inspection equipment including X-ray machines and hydraulic test apparatus 

1 08. Dished end forming would require equipment over and above this list (except for 
metal forming), and would, in any case, be kept separately. This production equipment 
would also require backing by a laboratory testing service. 

109. It is considered that, generally, many British fabricators have not been generating 
enough new capital to purchase the new equipment they require. A common motive 
apparently behind the purchase of new equipment was that the equipment should be 
bought anyway and perhaps costs would come down after buying it. Large companies 
and members of groups of companies were more successful in obtaining capital for 
new equipment, not necessarily because of their higher profitability, but because of 
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their greater resources. Throughout the survey a strong impression was formed that 
British fabricators were well aware of the need for investment in new equipment, but 
that it was the capital and not the will to invest that was missing. Since profits had beat 
frequently irregular it was, in a sense, praiseworthy that there was such good equipment 
to be found in some shops. The machinery of specialist British pressure vessel fabricators 
was not diss imil ar to that of foreign competitors. 



no. A more significant difference was apparent in shop lay-out. It was more difficult 
to decide where to put new machines and what overhead cranage was needed than to 
decide which new machines to buy. It has frequently been stated that some of Britain’s 
fabrication shops are too old, having been built piecemeal over many years. This has 
resulted in a preponderance of small shops at individual fabrication sites rather than 
large multi-hay shops. When examples of the latter were seen it was often difficult to 
distinguish the activity in any one bay from that in another. More recently built shops 
both in the UK and on the Continent do afford examples of efficient layouts. Betto 
through-put may generally be obtained through more efficient shop layout (where this 
exists), and/or through labour flexibility (where shops are physically separate one from 
another). 

111. While a production line may not be feasible for pressure vessel fabrication, a 
definite sequence of events does take place and the shops should be laid out according 
to that sequence; plate cutting and preparation, plate rolling, sub-section welding 
overall assembly, X-raying, annealing and testing. Machinery is most likely to fit in 
after the sub-section welding. 



112. Since a crane is limited to one bay, the movement of workpieces from bay to bay 
is a slow operation usually carried out by bogie or occasionally by a crane in an end 
lateral bay. This means that long bays have all the advantages over short bays, and these 
advantages are absent in many British heavy fabrication shops. Ideally, one central 
bay is needed with the X-ray facility and furnace at one end. Two smaller side bays 
could serve for plate and component preparation and for rolling, at least for smallM 
sub-sections which could easily be manoeuvred into the main fabricating bay. This 
problem is complex but the above does indicate the disadvantages which exist in a 
number of the longer established fabricators. 



Planning and control 

113. Whether the shop be ideal or otherwise in its equipment and layout, the flow of 
materials cannot organise itself, and some planning must be made. The planning of a 
shop is basically the use of the variable factors to ensure maximum utility of the fixed 
facilities. The fixed facilities are the space and the machines, and the variable factors 
are the distribution of the work load, the distribution of the labour and the work 
balance. 

114. The work balance assumes an ideal mix of vessels, towards which the s^es 
department should always strive. Too wide a mix implies insufficient specialisation. 
Specialisation automatically leads to advantages in planning, thus pving increased 
through-put, experience and expertise. The mix is not so much a variable as an id^l 
which is never reached, and, for any given work load, the planning tools are the dis- 
tribution of work and labour. 
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115. In the section under Personnel above it was noted that Britain’s fabricators 
already had a serious inflexibility in the labour force which virtually removed one of 
the variables. No amount of computer planning about where to put the work could 
make up for this fundamental burden that the British industry suffered in comparison 
with its European competitors. 

116. With or without a change in labour flexibility, production must be planned and 
controlled. The ineffectiveness of the methods used was demonstrated during the 1966 
period when so very many deliveries were late. With the shortage of orders in 1967 
delivery control was easier, and indeed most fabricators appeared to have made 
attempts to improve their methods. It is, therefore, to be hoped that the results of these 
efforts will be shown during a future period of hi^ demand. 

117. The ideally planned shop would have 100% full loading of all machines and 
men, and vessels in a shop would always be in some processing operation; from this it 
would follow that space was fully utilised. 

118. The provision of full employment of the labour force would not be difficult, 
provid^ that the conditions necessary for flexibility were fulfilled. Machines presented 
more diffiailt problems, but since welding was such a crucial part of vessel manufacture 
at least these machines should be nearly fully used. Welding was usually the criti ca l 
point in the production of a vessel, and the other operations can be considered as 
serving welding. A larger margin of spare capacity could, therefore, be anticipated in 
these other operations. 



119. That considerable study of these problems is necessary was shown by the low 
proportion of actual working time during the production of a vessel. Estimations of 
the percentages involved varied from between 25 % to 40%. This implied that for more 
th^ half Its time m the factory (during working hours) a vessel was not receiving an 
added value input and was simply taking up space. As most work in the UK was one- 
shift, the percentage of total time during which the vessels were worked upon was made 
even less, e.g. 30% of work-time during one eight-hour shift represented 10% of total 
time during any twenty-four hour period. As the vessels occupied space during non- 
workmg hours the fixed overheads cost element in the manufacture of vessels was 
l^ely to be greater in the UK than abroad. It would be an interesting guide to fabricators 
If they provided themselves with more precise figures on the real proportion of working 
toe. This would provide an excellent guide to good planning. Figures in the order of 
75% on working hours would be ideally acceptable. Clearly the preponderance of 
smgle shift working also affected the overall economics. 



120. A system of planning which shows the pre-production path and the progress of 
a vessel with regard to its plan is essential. This could act as a reassurance to the cus- 
tomer, both before and durmg production, that delivery would be held, and would be 
“ types of planning and control procedures in mind here 

^Jr-ERT, CPM, Measured Day Work schemes etc. as well as better communications 
be^Mu sales and production divisions within individual companies. Furthermore, a 
rehable system of informing the customers of progress would probably reduce the 
number of visits from expeditors, who were not particularly welcome as visitors. 



121. In planning, any design modification could be a serious disturbing factor as it 
meant that plans had to be changed as production proceeded. This was discussed under 
the section on Design in the present Annex. 
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Research and development 

122. The majority of research and development in the pressure vessel industry was 
directed towards new welding techniques and the welding of new materials. Only 
fabricators with total staffs of several hundred could normally afford a proper research 
staff of one or two metallurgists and their assistants. Most of this welding work was 
directly or indirectly connected with the British Welding Research Association, and 
often consisted of developing a new BWRA process to the production stage. 

123. Companies belonging to groups of companies often shared centralised research 
and development facilities which were invariably wider in scope than the facilities of a 
separate company. Research and development departments, when run as separate 
facilities as in the case of groups of companies, did run the risk of being cut off from 
design and production. In planning their activities, the basic function of research and 
development departments should not be lost sight of (viz. providing the design team 
with up-to-date information on materials; welding and stress analysing techniques) so 
that the design of pressure vessels could be continuously advanced. 

124. The volume of research and development in Britain into materials and welding 
techniques is believed to be comparable or better than other European countries; but 
British management policy, which tends to regard all aspects of research and develop- 
ment as being of necessity subject to commercial secrecy, may be questioned. This is 
contrary to general American practice, and more exchange of information on research 
and development activities could take place to the benefit of the British industry as a 
whole. 



Trade associations 

125. The most important trade association specifically for pressure vessels, tanks and 
heat exchangers is the Tank and Industrial Plant Association (TIPA). The expressed 
aim of TIPA is to improve the products of its members. Its members must be fabricators 
of high qualit / (though not necessarily Class I) in carbon steel of |' thickness and over, 
or any thickness of stainless steel. 

126. Although TIPA’s expressed aim appears to be of a technical nature, and although 
it runs a service of distributing journal articles to its members, its main activities are 
commercial. It collects from its members extremely valuable statistics and, together 
with case histories of, for example, foreign competition, it is building up a store of 
highly significant data. As a forum for pressure vessel builders and for co-ordinating 
representations to Government bodies TIPA proves useful to many, though perhaps 
not all, its members. 

127. The degree of interest shown in TIPA by those of its members met during the 
survey varied quite considerably and, in general, it was the large fabricators that showed 
the most interest. 

128. A weakness of TIPA was believed to be the incompleteness of its membership. 
There were several important stainless steel specialist fabricators who were not members. 
These fabricators were likely to belong to the British Chemical Plant Manufacturers 
Association which, although it had a much wider scope than TIPA, included pressure 
vessels in the ‘definition’ of its area of interest. It is inevitably a cause for unease that 
members of the pressure vessel industry are divided between two organisations which, 
although they have a certain liaison, operated in the main quite independently. 
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129. Since TIPA is the specialist organisation, it is considered that all significant 
pressure vessel fabricators should belong to it, though there should be no reason to 
discourage membership of other organisations as well. With a complete membership 
TIPA’s work would be even more valuable. Other areas where TIPA could make an 
important contribution were in publicising the industry and in gathering marketing 
information, and both these points have been briefly discussed in the earlier section on 
Sales and Marketing in this Annex. 

130. It has been one of the featnres of this survey that the pressure vessel industry is 
ill-defined. TIPA could eliminate this by publishing a booklet, say the ‘British Pressure 
Vessel, Tank and Heat-Exchanger Manual’. It is believed that rationalisation should be 
sought by specialisation rather than by diversification ; thus even a fabricator should be 
given one ‘class’ only, unless he was equipped with separate production facilities. The 
Manual should give the production range of each company, stating its particular 
equipment and expertise, and even give an indication of the capacity of the company. 

131. Such a manual, regularly up-dated and well presented could be an exceedingly 
useful reference for both home and foreign pressure vessel users. The up-dating and 
distribution could be under the care of TIPA and any member would have the right to 
add a new name to the distribution list, which should be as wide as possible. Such trade 
manuals have been produced by other organisations, for example the British Gear 
Manufacturers’ Association has published a concise booklet listing each manufacturer 
with his associated range, together with an index. 

132. The other area in which TIPA miglit expand its activities is in gathering market 
information. In the section on Sales and Marketing the type of information that is 
needed has been indicated. It is perfectly logical that such information should be 
gathered on a group basis since the effort involved would be too much for any one 
company and, in any case, the information required by the different members would be 
essentially similar in nature. Subscription to this ‘Market Information Service’ could be 
an optional extra, possibly with individual company’s contributions varying proportion- 
ally to their pressure vessel capacity, rather than through a general increase in member- 
ship fees. Since this work was highly specialised, requiring a technical and commercial 
knowledge together with the ability to penetrate foreign countries which did not always 
use English as a commercial language, TIPA may need to take on specialised staff or 
sub-contract the work. 
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UK supply: design standards and inspection of pressure vessels: 
their economic implications 



1. Pressure vessel design standards often make only slight reference to inspection 
procedures and, indeed, inspection considerations do not usually have serious effects on 
design except when accessibility of testing equipment is considered. The standards for 
design and for inspection have a different emphasis: good design is aimed at producing 
a pressure vessel just good enough for the application, while inspection is aimed at 
making sure the vessel is at least good enough. Design is naturally progressive and 
inspection naturally conservative; their interdependence and economic implications 
are considered in this annex, as well as tajhnical aspects of the standards. 



The function of design standards 

2. The standards to which pressure vessels are designed have two main functions: 

to ensure that certain minimum safety requirements are adhered to; 

to facilitate the design of vessels by indicating good practice for those individual 
design requirements not directly connected with safety. 



3. The safety requirement is the easier of the two functions to introduce into a standard 
The basic formidae for wall thickness, the welding procedures (mainly edge preparation) 
and weld factors, the compensation around openings and testing procedures usually 
ensure a certain minimum degree of safety. All these requirements may be readily 
expressed in technical terms, and this facilitates the overall expression of the safety 
requirement. However, this does not prevent these basic requirements from causing 
more disagreemwit in design standard preparation than any other aspect. 



4. The second function of a design standard is to provide ‘design detail’ which involves 
a deeper technical knowledge than the straightforward safety requirement. Engineers 
with long experience of design are suitable for use in the preparation of d^gn details, 
but, because the details are mainly in the single area of mechanical engineering they are 
produced without the prolonged arguments associated with safety requirements — 
provided adequate numbers of engineers are brought to bear. 



5. To fulfil successfully the two functions, a good pressure vessel design standard 
must be: 

wide in scope, covering as many d^ign contingencies as possible and answering 
almost every query that could be posed by a designer; 

modem, reflecting the best modem practice and not hindering the application of new 
ideas when they are worthy. 
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Preparation of design standards and inspection procedures 

6. A design standard may only contain proven methods. It is a fundamental paradox 
of a standard that, if it must be followed, new methods cannot be tried, proven and 
therefore entered into the standard. Different countries have developed different 
methods of enforcing their design standards to ensure that safety requirements are 
followed. The legally enforced design standard is the most common system, but this 
does lead to a certain degree of inflexibility due to the laborious work involved in 
updating details incorporated in, or referred to, by legislation. 

7. In looking for a system for the preparation and administration of design standards 
it is important to ask what properties of the system are desirable. These might be 
summed up as follows: 

a good design standard must be produced, fulfilling the requirements for safety and 
for good detail design; 

it must be possible to try out new design concepts, and if proven successful, make 
their rapid inclusion into the standard ; 

the enforcement of the standard should involve expert and impartial inspection 
methods; 

the whole system, both from the inspection and the standard modification points of 
view, must be simple and quick-acting. 

8. Inspection in the UK is carried out by representatives from the major insurance 
and r^istration offices as well as from the engineering contractor who may be pur- 
chasing the vessel, and from the final user. Production inspection must also be carried 
out by the inspection staff of the fabricator. It is of importance to note that none of 
these inspection bodies are co-ordinated by a single body although they usually have 
r^resentation on the BSI committee which prepares the design standard. Furthermore, 
the inspection standard of every inspection body is prepared by that body and is usually 
different from that of any other body. Much of the interpretation is the responsibility of 
the individual inspectors. The degree of completeness and of the flexibility of the 
various mspection standards also differ. 

9. The above position leads to the following effects ; 
multiplicity of inspection; 

disagreement between inspectors from different organisations, and even from the 
same organisation; 

an apparent variation in stringencg^; 

resistance to new design standards and design techniques. 

10. The experience gained during inspection often has a direct bearing on design 
standard preparation; that is, there should be a feed-back from the former to the latter. 
If in the preparation of design standards a new idea presents itself, some co-operation 
with the inspection organisations to allow a trial is necessary. The continuing inter- 
change between preparation of design standards and inspection is thus essential. It may 
also be feasible to consider the preparation of inspection standards in terms of sizes of 
inclusions, laminations etc., although a substantial amount of work may be required to 
provide accurate experience upon which to base such standards. 
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Comparison of the scope of four leading design standards 

11. A consideration of the following points leads to an appreciation of the scope of 
design standards: 

(i) materials accepted within a broad range of definition; 

(ii) specific materials accepted within the general definition; 

(iii) pressure range; 

(iv) temperature range; 

(v) consideration given to fatigue loading; 

(vi) whether or not thick-walled vessels are included ; 

(vii) whether or not jacketed vessels are included. 

12. The list is not complete, but will serve in comparing two British, one American 
and one German design standard. 



13. The materials covered by the standards (point (i)) are listed below: 



Standard 


Low 
carbon 
mild steel 


High 

carbon and 
alloy sted 


Stainless 

steel 


Aluminium 
and its 
alloys 


Qad 

steels 


Copper 
and its 
alloys 


Reactive 

metals 


ASME 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


BS 1500 


Yes 


No 


Yes 


Yes 


No 


No 


No 


BS 1515 


Yes 


Yes 


No 


No 


No 


No 


No 


TUV 


Yes 


Yes 


Yes 


Yes* 


Yes 


Yes* 


No 



* AD Merkblittw - W 6 to be published 



14. Point (ii) refers to the possibility of accepting other than listed steds (i.e. foreign 
steels, new steels, etc.) and is allowed for by BS 1515 and TUV only (see Table Dl), 
although the mechanism for acceptance of such steels is not yet published in Great 
Britain. 



15. Points (iii) to (vii), judging the scope of the standards, are: 



Standard 


Negative 
as well as 
positive 
pressure 


Low as well 
as normal 
and high 
temp. 


Fatigue 


Thick 

walled 

vessels 


Jacketed 

vessds 


ASME 


Yes* 


Yes 


No 


Yes 


No 


BS 1500 


Yes 


Yes 


No 


No 


Yes 


BS 1515 


No 


Yes 


Yes 


No 


No 


TUV 


Yes 


Yes 


No 


Yes 


No 



• AS ME excludes pressures of ± 15 psig and greater than 3,000 psig, thus ‘vacuum’ vessds are e xcluded wbh- 
out a further pressure applied exiemally 
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1 6. In respect of the detail of the standards (enabling the design and the drawings of a 
pressure vessel to be prepared easily) including their style, extra comments, and intan- 
gibles that may only be appreciated by using the standards as a design tool for a con- 
siderable period of time, the opinions expressed during the survey may be summarised as : 

ASME is thorough, practical and easy to design to ; 

BS do not enter into sufficient detail, though they are technically better than ASME ; 

the TUV standard, though well detailed, is lacking in drawings for quick and easy 

reference. 



*Class^ qualification tests for fabricators 

17. If a design standard refers to a class of pressure vessel, it might be expected that 
some qualifying test be mentioned by which a fabricator may be classed. 

18. In the two British standards, no system is mentioned although BS 1500 makes 
reference to three classes of vessel and BS 1515 to one class which, by implication, is the 
highest. Furthermore the term ‘Class’ is used to class fabricators as Class I or Class II 
according to a Lloyds’ definition and testing procedure, aimed mainly at the welders 
and welding apparatus, but having no direct bearing on the ‘classes’ in BS 1500 or 
BS 1515. 

19. The ASME Section VIII makes no reference to a class of vessel or to a method of 
qualifying fabricators. However, the necessary inspection and manufacturers’ stamps, 
issued by the American Society of Mechanical Engineers, can be withheld by the Society 
‘in its absolute discretion’. 

20. The TUV does have a well-developed inspection system. All would-be fabricators 
to the TUV standard are inspected and their welders tested. There is no ‘class’ of vessel 
as such, but a new fabricator is only awarded a weld factor of 0- 8 instead of 1 • 0, until 
a vessel built by him to the standard is proved in service. Such a system is restrictive to 
worthy newcomers. 

21 . Qualifying tests for fabricators should include inspection of the following of their 
fadlitiw : 

welding apparatus; 

rolling and plate edge preparation apparatus; 
testing equipment, especially X-ray; 
welders’ skills; 

designers’ ability (measured by qualifications and experience). 



Comparison of the technical factors in leading design standards 

22. Every technical aspect of the different design standards is not considered here. 
However, by concentrating on the means of calculating the design stress the relative 
technical standing of the leading pressure vessel standards may be illustrated. 

23. The design stress is found by taking one or more measured stress properties of the 
material of construction and dividing by some factor of safety. There is also a joint 
factor which further reduces the design stress according to the quality of the weld. For 
fully X-rayed welds in approved materials the value of the weld factor is 1 • 0 in the five 
standards studied below except for BS 1500 where it is 0*95. 
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24. The term factor of safety has sometimes been replaced by the term factor of 
ignorance. It is indeed the philosophy of the factor of safety that unknown effects are 
taken care of by a margin between the calculated working stress and another, higher, 
stress measuring strength. Since the degree of ignorance in stress calculations welding 
and related phenomena is probably less today than, say, two decades ago, a decrease in 
the factor of safety could be expected over the years. If a standard is of high technical 
calibre, one would then expect a lower factor of safety and a higher design stress for a 
given steel, always provided that calculation and inspection methods were sufficiently 
sophisticated. Technical standing can also be measured by the stress property to be 
taken as the strength defining property, e.g. yield stress, ultimate tensile strength etc. 

25. Taking the two British Standards, the ASME, the TUV and the proposed ISO 
standard. Table D(2) shows which properties are used in the various standards, as well 
as the values of the factor of safety. The table is with reference to information actually 
stated in the standard, and the principle in each standard is to take the lowest design 
stress value given when more than one means of calculating the design stress is indicated. 

26. In Table D(2) the factors of safety vary particularly with regard to the ultimate 
tensile strength (UTS). The lower the safety factor the higher is the design stress and 
thinner the wall, so those standards accepting a low factor may be considered more 
progressive. When the safety factor for the UTS is large, the UTS becomes the con- 
trolling property rather than the yield stress (YS). Generally ASME and BS 1500 are 
U'ni controlled, and lead to low design stresses. BS 1515 and ISO tend to be YS con- 
trolled, and TUV is always YS controlled. ASME and BS 1500 may be considered 
conservative, both for the basis for calculation and for the low level of design str^s 
thus calculated. 

27. Most standards bring in creep stress as a check at the operating temperature. The 
only one with any appreciably different approach is TUV which, in considering the 
1 %/100,000 hour creep stress at 15°C above operating temperature, makes allowance 
for unforseen temperature variations acting on a steel with high temperature-dependent 
creep properties. ISO applies a 1 • 6 safety factor and BS 1515 and TUV apply a 1 ■ 5 
safety factor to the creep-to-rupture stress at operating temperature. Sinc» onset of 
deformation is more important than final rupture as a failure criterion there is a case for 
only considering the former stress. 

28. The minor differences arising from these high temperature checks are not crucial, 
whereas the UTS versus YS criterion affects most temperatures and provides the design 
stress for the majority of temperature cases which are below creep effects. 

29. Since general plastic deformation is the effect which determines the onset of 
tensile failure, virtually all informed opinion has recognised that yield stress is the 
relevant property in defining the strength of the steel, and not the ultimate tensile 
strength. Consideration should also be given, in any design, to the problems of fatigue 
and fast fracture. 

30. The design standard giving the highest design str^ depends upon the njaterial 
used, e.g. carbon steels, stainless steels or non-ferrous materials, and there are tempera- 
ture cross-over points where, for example, the ASME standard gives a higher stress 
than the TUV standard in certain materials. Nevertheless an important comparison of 
YS with UTS may be made with carbon steels at room temperature, repres^ting as it 
does the majority of pressure vessels. 
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TABLE D(2) 

Stress properties and safety factors to be taken for design stress calculation in various 
design standards 




Tninfrmiin ultimate tensile strength at operating temperature 

the minimum yield stress at operating temperature or, if yield point not clearly defined, the 0*2% 
proof stress at operating temperature 

Sj^ the average stress for rupture after 100,000 hours at operating temperature 

Sg the average stress for 1 % creep in 100,000 hours at operating temperature 

Sg* the average stress for 1 % creep in 100,000 hours at operating temperature plus 15°C 



(1) Although not stated in the standard, it appears that BS 1500 follows ASME in design stress 
calculation at elevated temperatures 

(2) This factor increased to 1 • 8 for steels not certified according to DIN 50 049 

(3) Figures taken from the Draft Boiler Code 

(*) For temperatures less than 250“C. the properties are to be taken as those at 250®C (except Rjq) 



31. In Table D(3) the YS and UTS of several carbon constructional steels are listed. 
The design stress calculation is then made for every steel using ASME, BS 1500 (with a 
weld factor of 0*95), BSI515, ISO, and TUV standards. Three groups of steels are 
taken and important conclusions can be drawn both about the standards chosen and 
the steel. In each group the four steels chosen are from Great Britain, France, Germany 
and the USA respectively; and the groups relate to: 

Group 1 long established low strength constructional steels, still the most commonly 
used type in Great Britain; 

Group 2 steels in existence for over four years and used in good modem practice; 

Group 3 quenched and tempered steels now available for constructional purposes but 
not yet frequently used for pressure vessels. 

From the figures in Table D(3) the following comments may be made: 

BS 1500 gives the lowest design stress in every case; 

ASME gives the second lowest design stress in every case; 

BS 1515 and (except in one marginal case) ISO are YS controlled in the group 1 
steels, but become UTS controlled in both group 2 and group 3 steels; 

TUV gives the highest design stress every time, which is equalled only by BS 1515 on 
the YS controlled group 1 steels ; 

BS 1500 and ASME are UTS controlled by a large margin in every case, the margin 
being largest in group 3 steels. 
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32. Wheathe strength of steels is improved, it is a phenomenon of nature that the yield 
strength (the most accurate guide to real strength) increases proportionately more than 
the UTS ; hence the continued increase in YS/UTS ratios. This explains the change-over 
from YS to UTS control in BS 1515 and ISO as steel strength increases. 

33. The stronger steels are more expensive per ton, and for them to be economic the 
strength (as measured by the acceptable design stress) must increase by a greater pro- 
portion than the price per ton. Only by making use of a yield strength based design 
stress is this condition fulfilled. The result is that the TUV standard most often renders 
the high strength steels economically interesting. Thus the advantages offered by the 
TUV standard, considerable for low strength steels, become even more important for 
high strength steels to the point that only the TUV standard enables these steels to be 
used economically. 

34. For example, on BS1501-151-26B, TUV shows an advantage of 52% over ASME 
but gives the same design stress as BS 1515. On Loycon QT, TUV shows an advantage 
of 140% over ASME, thus enabling a wall thickness to be used with this material only 
2/5th that prescribed by ASME, while the advantage is 40% over BS1515. 

35. There is no doubt that the TUV standard leads to cheaper vessels. Usually 
competition between fabricators is for a vessel with the design standard specified. But 
when internationally operating contractors are about to build in a country where the 
standard is not specified they are free to choose the most economical standard, usually 
the TUV, and, not unnaturally, German fabricators are more likely to be considered for 
tender. Quite apart from this market aspect, the BS 1500 and 1515 are old-fashoned in 
considering the UTS, and are hindering technical innovation, particularly the use of 
high quality steels such as those which are quenched and tempered. Those interviewed on 
the survey felt that many other details of these standards needed clarifying. 

36. Although a safety factor on UTS has not been included for the TUV standard in 
the Table D{3), there would appear to be certain limiting values for YS and for the 
YS/UTS ratio. Thus AD Specification B.IO— thick-walled hollow cylinders— requires 
that the value used in the calculation for the yield point, relative to 20°C, may not 
exceed 0-7 (R20) for non-heat-treated steels and 0*8 (R20) for heat-treated steels. In 
effect, these factors impose a limiting design stress of R20/2' 14 and R20/I ’ 88 respectively. 
Furthermore, TUV would appear not to accept steels for which the E/R ratio falls out- 
side the following limits ; as the heat treatment may be suspected as being unsatisfactory : 



It is thus possible that UTS is considered when AD Specifications are used in pressure 
vessel design. However, the UTS factor (if it is about R/2 • 0) would make no difference 
to the superior position of the TUV standard, in respect of design stresses, for all the 
steels considered in the Table. 

37. The following suggestions are made in respect of BS; 
that BS 1500 be discontinued; 
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Type of steel 
Normalised steels 
Fine grain steels 



Quenched and tempered steels 
High yield steels (static loads) 
High yield steels (fatigue loads) 



EjR ratio 
0-50-0-75 
0-75-0-85 
0-70-0-85 
0-80-0-93 
0-70-0-75 
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that BS 1515 be widened in scope to cover all the points left uncovered by the removal 
of BS 1500 and at least all the materials and types of vessels described under Scope 
(see page 213); 

that BS 1 5 1 5 cease to consider ultimate tensile strength in design strength calculations ; 

that BS 1515 introduce a ‘class’ of vessel for each material and sf^ify Classes I and II 
with reference to radiography, finish, dimensional accuracy and other criteria which, 
when passed at a lower standard, lead to a reduction in cost. The reduction in cost 
could include the use of older or less sophisticated machinery; 

that more BS be introduced, similar to BS 1966 — Domed Ends, to cover the speci- 
fications of components for pressure vessels, notably for forged parts — flanges and 
nozzles; 

that the materials standards for steel plate and steel for forgings be rapidly clarified on 
an international basis; 

that the International Standards Organisation be encouraged to accept a 1 • 5 safety 
factor based on yield stress, and to cease consideration of the ultimate tensile strength, 
with consequent review of testing procedure; 

that in design stress calculations clear indications of fatigue considerations be 
presented; 

that brittle failure considerations be introduced as a safety check in design calculations. 
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Qualitative review of UK demand sectors 



1. This annex is based mainly on the qualitative information obtained during an 
interview programme with final users and contractors. A review of the significant 
pressure vessel usage and of the likely changes in pressure vessel requirements is given 
for each of the sectors studied. 



Priinary demand sectors 

Mineral oil refining 

SIC (19^ MLH 262 AND 263 

2. Since 1950, oil consumption has been buoyant. Before this date the energy needs of 
the British economy were mainly met by coal. As late as 1957 the share of oil in the 
total UK energy supply was only 15%. In 1967, it was about 40% and will remain at 
about this level up to 1970. There has been a major increase in total British refining 
capacity, which has risen from about 58 million tons in 1963 to about 88 million tons at 
the end ’of 1967. It is believed that this capacity will be adequate to meet domestic 
demand until 1970. 

3. The main products of mineral oil refining are, in order of importance: fuel oil, 
diesel oil, motor spirit, petrochemical feedstock including ‘light petroleum distillate , 
kerosene, bitumen, lubricating oils, butane and propane and wide-cut gasoline. Fuel oil 
represented 43 % of the total in 1966. All these products are obtained from crude and 
process oils other than distillation benzines. Continuous production techmques are 
almost exclusively used, batch processes being used to a very small extent. The present 
technical trend is mainly towards larger units of production based on higher operating 
pressures and temperatures. 

4. Contractors share of total procurement of new pressure vessels is very high and 
replacement demand is insignificant in this sector. 

5. The suggested ‘vessel to total investment in plant’ percentage in the NEDO process 
plant report averages out at about 22 • 5 % with pressure vessels representing 9 • 0 %, 
heat exchangers 8 • 0 % and tanks 5 ■ 5 %. However, the following figures drawn from two 
actual projects would suggest this percentage is about 19%: 

(a) oil refinery (total investment in plant and machinery £2-4 M) pressure vessel and 
heat exchanger content 12-9%; 

(b) oil refinery (total investment in plant and machinery £44- 0 M) pressure vessel and 
heat exchauger content 14-8%. 

These differences probably arise from the definition used for vessels in this study, as 
tanks at least are not included in these figures. 
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6. In the two oil refineries quoted above the sources of supply of pressure vessels 
showed the following breakdowns: 

Refinery UK share Foreign share 

(a) 33% 67% 

(b) 0 100% 

7. Three interesting groups of presstue vessels are worth citing: 
distillation columns: 

pressures typically 200-250 psig 
dimensions: 7-14 ft. diameter, up to 200 ft. high 
temperature: up to about 200°C 

although big, and indeed becoming bigger, these vessels are relatively simple and 
are usually built in carbon and low alloy steel; 

platformer: 

in which low octane naphtha is partially converted into petrol 

pressure: 400-500 psig 

dimensions: 15 ft diameter, 30-45 ft high 

temperature: up to 550°C 

the pressure is not high but the temperature does call for more specialised nmterials 
and construction; 

hydrocracker: 

a relatively new element in refineries and a basic element of the refinery of the 

future (i.e. the ‘all hydrogen’ refinery) 

pressures: 1,500 psig increasing to 2,000 psig 

dimensions: 18 ft diameter, 60 ft long, wall thickness up to 8 in 

temperature: aroimd 400®C 

the future importance of special alloy vessels for this function in refineries cannot 
be over-emphasised and only the German, Japanese and American fabrication 
industries were, prior to 1967, considered capable of building such vessels. The 
American influence is diminishing as their labour costs are high, but Japanese 
competition, including European delivery, is now serious for thwe vessels. In 
addition to these high pressure vessels, the operation of hydrocracking also 
requires large vacuum vessels. 

8. Price differentials were foimd to be considerable during 1966, ranging from 10- 
30% between UK and foreign fabricators. Delivery is the main criterion when choice of 
fabricator is made, as price loses its importance when price differentials are only 5- 
10%. The comment was generally made that it was desirable for British fabricators to 
quote realistic delivery dates. Moreover, there was a tendency to state that delivery 
delays were more important when they occurred with large vessels, where even one 
day delays could be critical. All the oil companies interviewed commented, in 1967, 
that UK fabricators should improve further their quotations and honouring of delivery 
dates. 

9. Both UK and foreign fabricators design well. The normal procedure is for the oil 
company to draw up a specification while the detailed drawing is left to the fabricator. 
Difficulties are rarely encountered in locating fabricators to design to foreign standards, 
either in Britain or abroad. 
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10. There appears to be no possibility of standardising pressure vessels from any 
point of view (eg dimensions, materials). The main reason for this is that vessels are 
tailor-made for every new project. Even when existing ones are replaced, larger ones 
normally take their place. Some standardisation is done however on storage tanks(eg 
LPG). It is of interest to note that one company interviewed had standardised in order 
to shorten delivery dates; the price saving was insignificant. 

1 1 . The number of invitations to tender sent out can be as low as three to four. In the 
case of projects abroad, one company interviewed sent out six invitations, three within 
the UK and three abroad. All companies had some kind of list of fabricators who met 
their own particular requirements. Invitations to tender are sent out on the basis of these 
lists which are under constant revision. Only one company commented on the speed 
with which the fabricator submitted his quotation. 



Future pressure yessel demand in mineral oil refining 

12. It is considered that operating pressures, temperatures and unit sizes will remain as 
they are at present with, however, a tendency to rise within the next five years. One 
company predicted a trend to thicker-shelled vessels rather than thinner-shelled ones 
built with high tensile strength steels. 

13. All the companies interviewed had been affected by the closing of the Suez Canal, 
which had reduced their liquid reserves and created a tight money situation. This 
meant a levelling oflf, even in projects already under way, and this situation was expected 
to remain the same until the end of 1968. 

14. The need for thick-walled massive pressure vessels for all-hydrogen refineries is 
one major technological growth area in which the UK should become expert (a second 
such area is in the handling and storage of LNG). 

15. Any forecast of future investment in oil refinery capacity in the United Kingdom 
must take into account the likely future energy pattern in the country. The discovery of 
natural gas in the North Sea combined with the growing competitiveness of nuclear- 
based power has changed previous plans to a drastic extent. The UK wUl certainly 
move from being a two-fuel to a four-fuel energy economy and the latest statements 
(November 1967) of the Ministry of Power forecast a situation along the following 
lines : 



M. tons coal equivalent 





1957 


1966 


1970 


1975 




(actual) 


(actual) 






Coal 


212-9 


174-7 


152* 


120* 


OU 


36-7 


111-7 


125 


145 


Nuclear and hydro 


1-7 


10-2 


16 


35 


Natural gas 


— 


1-1 


17 


50 


Total primary fuel use 


251-3 


297-7 


310 


350 



* Exports of coal estimated at about 3 million tons in 1970 and 2 million tons in 1975 



16. The reduction in the position of coal is the most evident factor, but the forecast 
growth in the consumption of oil from 1966 to 1975 (3% per year) is far slower than 
from 1957 to 1966 (13% per year). This is due mainly to the impact of natural gas and 
nuclear power and the former’s share may be underestimated. There are many other 
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imponderables such as the use of natural gas as a chemical feedstock which could 
again adversely affect the future demand for naphtha from the refineries. The price of 
natural gas is, of course, the determining factor. 

17. The combination of these factors, together with the massive investment programme 
in new refinery capacity between 1963-1967, would suggest that a conservative estimate 
of future pressure vessel demand should be made in this sector. 



Town gas 

SIC (1958): MLH 601 

18. The Gas Council is made up of the central body with 12 Area Gas Boards each of 
which has a large measure of financial and operational responsibility. Since the enact- 
ment of the Gas Act 1965, the Gas Council is now both a co-ordinating and a trading 
body. 

19. For many years the chief method of production was by carbonising coal, but in 
recent years oil-based productionhas expanded markedly. Coal consumptionat gasworks 
fell from 25 million tons in 1958 to 18 million tons in 1965: in the same period oil 
consumption increased from f million tons to 2| million tons. Purchases of gas from 
the petroleum industry have also increased so that by 1965 nearly one-third of the town 
gas available was derived from petroleum. The gas industry’s purchases of coke-oven 
gas have fallen slightly throughout the period 1958 to 1965 and account for a diminishing 
proportion of the expanding availability of town gas. 

20. In 1965 sales of town gas were about equally divided between domestic and com- 
mercial or industrial uses. In recent years total sales have increased at about 8% p.a, 
and a high rate of growth is expected in the next decade. 

21. There are further changes in the gas supply structure with the increased expendi- 
ture on a natural gas transmission system (new trunk pipe mains) originally using 
imported LNG but based m ainl y on the exploitation of the North Sea natural gas 
reserves in the future. The impact of the North Sea gas is liable to be so important that 
even the steam-reformer plants that have been built in recent years for oil-based pro- 
duction will now cease to be built. Thus both basic methods of manufacturing gas 
will no longer require new plant and the Gas Board will become orientated to gas 
distribution, with manufacture of gas for purification and enrichment as a secondary 
activity. There will obviously be some replacement market for pressure vessels in the 
existing plant but very small when compared with the previous massive investment 
programme. 

22. Complete plants for gasification are normally procured through contractois. 
Vessel content in one ^s reformer plant was 9*6% in terms of total value of equip- 
ment procured. Other projects for oil gasification suggest a higher proportion reaching 
20 - 0 %. 

23. Other principal requirements for pressure vessels have been high pressure gas 
storage vessels and LPG storage vessels. One area board interviewed had purchased an 
average of 1 5 high pressure storage vessels a year at an average cost per unit of £32,000 
over the period 1 961-66, while butane bullets had averaged out to 3/year at £1 1 ,000 per 
unit. High pressure gas holders had only become economic with the widespread 
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adoption of oil gasification plants as they eliminated some compressors and give trmre 
flexibility than the atmospheric types. With the introduction of BS 1515, prices had 
dropped considerably as the use of the ASME design standard would increase costs by 
20%. Vessels are normally as follows; 

12 ft in diameter and 192 ft in length with a working pressure of 350 psig. All vessels 
are in mild steel with grade 32A— ie improved tensile strength— the most popular; 
butane bullets are of two types: 100 ton capacity with a 12 ft diameter and a 70-80 ft 
length and 150 ton capacity with a diameter of 15 ft and a length of 90 ft. The maxi- 
mum working pressure is 210 psig. 

24. With regard to high pressure gas holders, the design work including the choice of 
material is left to the fabricator who is given some orientation through brief pecific- 
ations. The Area Gas Board interviewed had already ordered 40 vessels from the same 
manufacturer, so that the latter offered virtually a standard design. All inspection for 
this Gas Board is carried out by an insurance company which is paid a special service 
fee to act as consultants throughout the fabrication and installation. Progress reports 
are provided. 



Future pressure vessel demand in town gas 

25. Changes in pressure vessel requirements will result from^ the preset technical 
modifications taking place in the industry of which the most significant is the future 
vessel requirement for storage. Due to the advent of wire-wound reinforced concrete 
pressure vessels for gas storage a drop in demand for steel gas storage vessels mi^t 
develop in the long term. High pressure holders are being calculated on a 40 year hfe 
basis. All additional storage capacity is likely to be of this tyjre. Future needs for butane 
bullets is expected to be lower than that in the 1962-67 period. 



Electricity generation 

26 The generating boards have under construction a number of large conventional 
power stations (most of which have 4 X 500 MW units) and rather smaUer siz^ 
nuclear stations. The latter are expected to become more impotant but there will 
continue to be scope for some new conventional stations. Peak production is taken up 
by a large number of coal-fired stations and by modem gas turbines. 

27. Three types of pressure vessels may be mentioned: 

gas-cooled graphite-moderated nuclear reactor containment vessels are now site- 
built, concretereinforced structures in the UK; if however the UK decided to enter the 
pressurised or boiling water reactor market as is the practice in the USA, there would 
be an immediate market for thick vessels. The vessels used in the USA for this purpose 
are perhaps the thickest walled fabricated pressure vessels in the world. Their 
thickness often lies between 9*'-13"; 

the vessels associated with the coolant (high pressure CO 2 in an AGR) of a nudem 
reactor. Units for storage, vapourising and heat exchange at pressures up to 400 psig 
are encountered. Thicknesses rarely exceed 1'; 

vessels forming part of the boiler in a coal-fired station. Pressures are high for steam 
containing vessels, e.g. 2,400 psig and wall thickness usually greater than 1". The 
most sophisticated vessel is the boiler drum which may be 6' thick, 8 ft in diameter, 
weigh up to 400 tons and require fabrication in high strength steel. 
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Future pressure vessel demand in electricity generation 

28. One possible change has been indicated already, a change back from concrete to 
steel for nuclear containment vessels. Otherwise vessels will remain of the same type but 
with the continued increase in size and pressure, and more use of high strength materials 
may be anticipated. 



Heavy organic chemicals 
SIC (1958): MLH 271-3 parts 

29. Heavy organic chemicals are mainly high-tonnage production intermediary 
products leading to the production of final products such as plastics, synthetic fibres 
and detergents. The following are worth mentioning as leading examples: ethylene, 
propylene, butadiene, formaldehyde, propyl alcohols, ethylene oxide, acetone, synthetic 
phenol and phthalates and carbosylic acids (in particular acetic acid.) 

30. Since 1945 the raw material of the heavy organic chemical industry has changed 
from coal tar, molasses (alcohol played a key role as the principal product from the 
fermentation of molasses) and calcium carbide, etc,, towards refinery products as a raw 
material, in particular light petroleum distillate (LPD). This has developed to the point 
that the expression ‘petro-chemical industry’ is virtually synonomous with ‘heavy 
organic chemical industry’. The UK’s petroleum and organic chemical industries are 
now closely associated with each other over many areas. 

3 1 . These changes have meant the introduction of continuous processes, high pressures, 
high temperatures and highly corrosive atmospheres. Pressure vessel requirements are 
stringent and continually advancing; while carbon steels have probably retained their 
average relative importance, copper has largely fallen out of use in favour of stainless 
steel. 

32. A series of specimen projects are given below with a view to determining the pro- 
portion of vessels to total investment in plant and machinery: 

(a) Esters plant (total investment in plant and machinery £287,000) overall vessel 
content 30% of value of equipment procured; 

(b) Phthalic anhydride plant (total investment in plant and machinery £909,000) 
overall vessel content 17% of value of equipment procured; 

(c) Ethylene dicloride plant (total investment in plant and machinery £445,000) 
overall vessel content 28 % of value of equipment procured; 

(d) Polyethylene plant (total investment in plant and machinery £5-8 M) overall 
vessel content 7% in terms of materials costs; 

(e) Ethylene oxide (total investment in plant and machinery £4-0 M) overall vessel 
content 24% of value of equipment procured; 

(f) Polymer, sulphuric acid and phosphates (total investment in plant and machinery 
£4- 5 M) overall vessel content 28 % of value of equipment procured; 

33. The overall vessel contents would appear to vary widely but if the polyethylene 
plant is excluded, there is a range of 17-30 %. There is an average plant duration of 10 
years due to obsolescence, 
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34. This sector is (along with the refinery industry) a most important outlet for pressure 
vessels of all types but also of ‘spectacular’ vessels, i.e. very large, thick walled, special 
material vessels. For these vessels, which though small in number have a very high 
value, it was considered that the British pressure vessel industry could further improve 
its technical position so as to meet these special requirements more adequately. 



35, The following characteristics have been drawn from a series of projects and show 
the wide range of vessels used: 

(a) Esters plant 

shell thickness . . . | in average 

operating pressure . . 35 psig (5 ft diameter) 

fabrication materials . . stainless and carbon steels 



(b) Reactor hydrogenerator plant 
weight .... 
shell thickness . 
diameter 
overall length . 

Reactor product separator 
shell thickness . 
diameter .... 
overall length . 

Heavy rector 
shell thickness . 
diameter .... 
overall length . 



64 tons 
H in 
14 ft 

33 ft 6 in 

1^ in 
16 ft 6 in 
45 ft 



in 
21 ft 
30^ ft 



(c) Ethylene dichloride plant 
weight 

shell thickness . 
operating pressure 
fabrication material . 



up to 47 tons 
up to I in 

full vacuum to 350 psig 
carbon steel 



(d) Polyethylene plant 
weight 

shell thickness . 
operating pressure 

(e) Acetic acid 

shell thickness . 
fabrication material 



20-80 tons 

|*'-8" (hollow forgings) 

up to 10,000 psig for the high pressure process 



85% special stainless steel, 15% copper 



(f) Polymer, sulphuric acid 
weight 

sheU thickness . 
operating pressure 
fabrication material . 



phosphates complex 
. 4-100 tons 
- 

. 10-30 psig (diameter 2-5 
. mild and stainless steels. 



and 



ft) 



36. The stainless steel vessels are particularly important in the oxidation reaction. 
The most important characteristics of the vessels for -this sector are the sophisticated 
materials required for adverse corrosion and temperature conditions (eg titanium-lined 
vessels). Shell thicknesses are rarely beyond 2 in as pressures remain lower than in 
some refining and inorganic chemistry processes. 
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37. The following data on the sources of supply are based on specimen projects 



quoted in paragraph 32: 


UK supply 


Foreign supply 


(a) Esters plant 


91% 


9% 


(b) Phthalic anhydride plant 


100% 


0 


(c) Ethylene dichloride plant 


19% 


81% 


(d) Polyethylene plant 


100% 


0 


(e) Acetic acid plant 


80% 


20% 


(f) Polymer, sulphuric acid and phosphates complex 


88% 


12% 


(g) Ethylene oxide plant 


57% 


43% 


(h) Olefin plant 


0 


100% 



38. On the whole, foreign price and delivery quotations proved to be about the same 
as those of UK companies. The differentials during 1965-6 had disappeared almost 
completely by 1967. The importance of technology, at least for the sophisticated 
vessels, is such that it may be the sole criteria of choice. 

39. The number of invitations to tender per potential order may reach as many as 
sixteen. There is a tendency to send out an average of 5-6 invitations to tender for 
‘ordinary’ vessels. 



Future pressure vessel demand in heavy organic chemicals 

40. As the instrumentation content of a chemical plant has increased over the past 
few years so the precentage of pressure vessel investment in plant and machinery has 
fallen. The trend will be towards larger vessels so the materials will have to be not only 
of high corrosion resistance but also of high strength; for example, high yield strength 
stainless steel should prove of great interest to this sector. 

41. Investment in the future will be primarily in plants of very high tonnage which 
offer large economies of scale where the market is large enough to warrant these. Export 
markets are, therefore, essential and this, together with the commercial and technical 
reasons for combining chemical processing and refinery operations, will tend to con- 
centrate the future investment into a smaller number of highly integrated companies. 



Fertilizers and pesticides 
SIC (1958): MLH 217-2 

42. These two product groupings are often classified together as their market is 
similar and indeed they can be combined for distribution. However, from the point of 
view of pressure vessel usage they should be completely separated as the processes 
involved are entirely different. 

43. The three main fertilizer nutrients are phosphate, nitrogen and potash and 
dep>ending on whether a fertifizer introduces one or more nutrient it is called straight or 
compound. Pressures for the final production of fertilizers are quite low (less than 100 
psig), with the important exception of the manufacture of urea which in the Stami- 
carbon process (for example) requires pressures of 3,000 psig and temperatures of 
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200°C. One raw material for fertilizer production (ammonia) also requires in certain 
processes high pressures (up to 5,000 psig). Sulphuric acid and nitric acid do not 
require such high pressures. Throughout the final fertilizer manufacture, stainless steel 
is commonly used to meet corrosive conditions. 

44. Pesticides cover insecticides, pesticides, fungicides, herbicides and allied products. 
Of these, herbicides are currently the largest production, followed by insecticides. 
Herbicides have shown the highest growth rate, more than doubling during the 1962-66 
period. In 1966 they represented 66% of total sales value for all pesticides compared 
to a 40% share in 1962. The growth rate for pesticides in the UK is about 8 % per annum. 

45- The ratio of vessel purchases to total equipment investment is about 28%. 
Replacement demand is less than 1 % of vessel procurement. Examples of percentages 
of vessel costs in plant and machinery costs are given below: 

(a) Ammonia plant (material costs £1*31 M) vessel content : 1 9 • 7 %. (Shell thickness 
80 mm, weight 104 tons, quenched and tempered steel.) 

(b) Urea plant (material costs £0-66 M) vessel content: 18’9% 

(c) Herbicide plant (value of equipment procured £0*81 M) vessel content: 40%. 

46. An analysis of various plants purchased over three years was analysed to give the 
following indications of materials’ usage. The percentages are based on value: 







Low carbon 








and 


Stainless 




Year 


low alloy 


steel 






(%) 


(%) 


Pressure vessels 


1964 


IS 


25 




1965 


27 


73 




1966 


34 


66 


Heat exchangers 


1964 


97 


3 




1965 


49 


51 




1966 


88 


12 


Tanks 


1964 


83 


17 




1965 


52 


48 




1966 


81 


19 


Site erected tanks 


1964 


100 






1965 





100 




1966 


— 


— 


Road and rail tanks 


1964 


98 


2 




1965 


100 







1966 


— 


— 



47. With regard to pressure vessel requirements in pesticides, pressures are not very 
high and processes are not even entirely continuous. Stainless steel is used commonly 
and this sector is in many ways similar to light organic chemicals. 

48. In respect of the sources of supply, using the example referred to in paragraph 46, 
the following breakdowns were obtained (percentages are based on the values given 
above): 
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Year 




PVs 




HEs 


Tanks 


Site erected 
tanks 


Road - rail 

tanks 


UK 


Foreign 


UK 


Foreign 


UK 


Foreign 


UK 


Foreign 


UK 


Foreign 


1964 


51% 


49% 


100% 




94% 


6% 


100% 




627. 


38% 


1965 


89 


11 


100 


— 


100 


— 


100 


— 


— 


100 


1966 


100 


— 


100 


— 


100 


— 


— 


— 


— 


— 



Future pressure vessel demand in fertilizers and pesticides 

49. As in nearly all growth sectors larger unit size plants can be expected with cor- 
respondingly larger vessels. Since nitric acid and, therefore, ammonia based fertilizers 
are growing at the expense of sulphuric acid based fertilizers, more high presstire 
vessels will be needed. The replacement of sulphuric acid by nitric is due to the increasing 
cost of mineral sulphur and the decrease in the number of active coke ovens. The general 
trend will be towards more stainless steel with a strong possibility of titanium becoming 
important. For high pressure ammonia plants high strength quenched and tempered 
steels can be expected to find an application. 

50. In world-wide terms fertilizer consumption is growing rapidly at about 11 % per 
year, althou^ the growth rate in the United Kingdom is lower than this, at about 5 % 
per year. The fertilizer market in the United Kingdom is dominated by two large 
chemical companies although two of the large petroleum groups are making deter- 
mined assaults on the market. The potential represented by the UK market alone 
however, is probably not enough to sustain the massive investment in ammonia 
facilities which has been made by one leading chemical company in the period 1960-66, 
which may postpone further investment in fertilizer manufacturing facilities in the 
United Kingdom even for export, due to the very severe competition in world fertilizer 
markets. This competition is rendered all the more severe, for a number — and par- 
ticularly the United States manufacturers — of significant international competitors 
benefit from the tied-aid programme of their governments, which is often linked to the 
purchase of fertilizers by the recipient country. One cannot, therefore, expect major 
investment programmes in fertilizer production in the United Kingdom over the next 
few years dthough a leading UK chemical company sanctioned a £3^ M plant in 
February 1968. 

51. In pesticides, the present trend to using larger vessels will continue and will 
cmate an increasing demand for high ter^ile strength metals. Stainless steel will still 
be commonly used. 



Inorganic chemicals 
SIC (1958): MLH 271-3 parts 



52. Inorganic chemicals include a very large number of chemicals, but the number of 
these calling for large tonnage plants is limited. Sodium hydroxide, sulphuric add, 
sulphur dioxide and trioxide, hydrochloric add, chlorine, titanium dioxide and sodium 
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carbonate are the main examples. Very heavy investments have been made in chlorine. 
Nitric acid, phosphoric acid and ammonia have been conveniently included under 
fertilizers. 

53 Because this industry is much longer established, technical changes in it are not so 
apparent as in the petrochemical industty. Plant obsolescence is much slower, often 
reaching twenty years. 

54. The chemicals produced in small quantities wiU still be processed by batch 
techniques although continuous processes are used for the tonnage cheimcals mentioned 
above. The usual characteristics of continuous processes can be seen, viz. an increase in 
size, temperature and pressure where applicable. However, pressure does not play an 
important part in the above-mentioned chemicals except in the transport of chlorine 
and the production of anhydrous hydrogen chloride. 

55. One company showed that the ratio of (pressure vessel and heat exchanger) orders 
with regard to (plant and equipment) expenditures varied considerably on a yearly 
basis, e.g. 10- 8 % in 1966 and 3- 0% in 1967, with pressure vessels representing respec- 
tively 56-5% and 83-0% of each figure and heat exchangers the remainder. In a sul- 
phuric acid plant, the vessel to total plant cost percentage was 16%, while the vessel to 
total equipment cost percentage was 28%; the UK fabricators providing 88% of the 
vessel needs. It should be noted that part of the reason for the high vessel percentage is 
that the plants do not require sophisticated control systems, etc. 

56. Replacement demand is very small and usually concerns only such items as 
linings. 

57. The main pressure vessels used are in mild steel. In one company mild steel 
represented 95 % of pressure vessels used in terms of value. Other vessels were in monel, 
aluminium and copper alloys. Some vessels of mild steel for low temperature appli- 
cations were also used. A certain number of vessels are lined with rubber or glass. 
Design pressures were usually well below 350 psig except for those vessels in the 
anhydrous HQ plant which were designed for 850 psig. Some high pressure vessels 
were large hydrogen cylinders for storage purposes. 

58. The following distributions for the sources of supply have been obtained from 
the case history projects analysed: 







1966 


1967 




UK 


Foreign 


UK 


Foreign 


Pr^sure vessels 
Heat exchangers 


85% 

73% 


15% 

27% 


100% 

50% 


o o 



59. Most vessels have been built to BS 1500 or 1515. One company has programmed 
the latter for computer work, and is also exploring the possibility of using standard 
sizes of pressure vessels for the simpler applications. Criteria for designating that 
vessels should be built to a pressure vessel design standard are the following: 
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(i) the danger of the process, which leads to Class I standards of construction to 
avoid leakages, even where the operating pressure is as low as 1 ■ 5 psig as in the case 
of HCN; 

(ii) the technical importance of the vessel in the process which necessitates fabrication 
to highest standards; 

(iii) the use of minimum Class III standards for all vessels excluding open tanks. 

60. Although most fabricators claim to be able to build to most standards, this has 
not always proved to be true: even if the design is fairly straightforward, this does not 
mean that the fabrication is also straightforward, and special interpretation of the 
standard may be required. In fact, most purchases from abroad appear to have been 
made on technical grounds. Complete designs have occasionally been prepared by the 
final user, but these have usually been amended by the fabricator to suit his particular 
needs. 



Future pressure vessel demand in inorganic chemicals 

61. No important changes are expected in inorganic chemicals. Process control may 
be applied to this industry to a more appreciable extent, in which case the percentages 
of pressure vessel cost in new plant cost will fall. 



Dyestuffs 

SIC (1958): MLH 27M 

62. This sector is concerned with the manufacture of dyestuffs and dyestuff inter- 
mediates. The market depends mainly on outlets in the textile industry and export 
markets. The expected annual growth is approximately 8-4% per annum. Dyestuffs 
will probably continue to be made by batch techniques as the industry is essentially 
concerned with small quantities of high value chemicals. No technical changes are 
foreseeable in the near future. 

63. A typical project gave the vessel cost to plant (excluding erection) cost percentage 
as 54 %, of which 39 % of pressure vessels were in mild steel and 61 % in stainless steel. 

64. One company interviewed indicated that pressure vessel replacement had repre- 
sented approximately 21 % of total maintenance over the past five years. Plant replace- 
ment is based on a 15 year basis depreciation. 

65. The processes involved and the pressure vessels used are of a simple kind. One 
company interviewed indicated that three main types of vessels were used: 

(1) Mild steel low pressure vessels (up to 50 psig working pressure). These varied 
from 8,000 to 30,000 litres capacity, most of them in the larger sizes; 

(ii) Mild steel high pressure vessels of 750 psig working pressure; 

(iii) Stainless steel low pressure vessels and pressure driers (up to 100 psig). 

The most common vessel is the 30,000 litres mild steel vessel, which is normally 1 1 ft in 
diameter with a plate thickness of f'-l'. Between one-quarter and one-third of the mild 
steel vessels are glass-lined. 
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66. Of the two companies interviewed, one relied mainly on foreign supply while the 
other only called upon continental fabricators when delivery times quoted by UK 
fabricators were too long for the plant construction programmes. 



Future pressure vessel demand in dyestuffs 

67. Plant si 2 ss are growing larger and vessels will follow to some extent this trend. 
Some rationalisation of existing plant in the form of continuous processes can be 
expected. However, the impression formed in the interviews was that there was unlikely 
to be any significant changes in: 
the ratio of vessels to plant investment; 
the materials used; 

the operating pressures and temperatures. 



Industrial gases 

SIC (1958): MLH 271-3 parts 

68. The industrial gases include oxygen, nitrogen and carbon dioxide (which involve 
the highest tonnages) and argon, hydrogen and helium. Carbon dioxide is not growing 
at the same rate as the others but most comments about vessels needed for liquid 
oxygen apply to other cryogenic vessels. 

69. Both the important industrial gas producers are also important contractors and 
have their own fabrication facilities, so this sector is not of considerable interest to 
Jobbing fabricators. However, as these captive facilities have certain upper limits in 
capacity and range, the work put aside is not inappreciable. Most carbon dioxide 
vessels are made by regular fabricators. 

70. The materials commonly used for cryogenic application are stainless steel (hi^ 
strength will become important), aluminium and 9% nickel steel. The quality of all 
cryogenic vessels is very high and inspection is stringent. Vessels are not only subject to 
internal pressure but are normally surrounded by a jacket containing powder under 
vacuum. Thicknesses are medium (about and most vessels are suitable for shop- 
building except for some very large storage vessels. 

71. The vessels produced in the largest numbers (enough to merit almost series 
production) are; 

storage and dispensing vessels, stainless steel inside with a mild steel jacket filled with 
powder under vacuiun; 

road tanker vessel, all aluminium, jacketed mid vacuum powder filled. 



Future pressure vessel demand in industrial gases 

72. No very significant change in vessel types can be expected in the near future, 
although sizes may well go up, and 9 % nickel steel may become of greater significance 
as problems associated with its production and welding are solved. 
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Secondary demand sectors 

73. In all the following sectors the interviews indicated that only a modest demand 
for pressure vessels was generated due either to the small size of plants, the relative 
unimportance of pressure vessels in the plants or an absence of new investment in the 
sector. In nearly all long established sectors the need for new plant and new pressure 
vessels is limited due to slow growth rates. 



Fine chemicals^ pharmaceuticals and toilet preparations 
SIC (1958): MLH 271-3 parts and 272 

74. Most processes in this sector are batch and the vessels involved are small and for 
low pressure, eg 50 psig. Stainless steel as well as clad vessels are common. Some 
change to continuous processes can be expected but, except for stainless steel specialists, 
this sector will remain of secondary interest. 



Coke ovens and coal tar products 
SIC (1958): MLH 261 and 271-3 parts 

75. As coal-based gas has progressively been replaced by gas manufactured from oil 
feedstocks, and both now are threatened by natural gas, no major investment cain be 
expected either in new coke ovens or in plants based on coal tar. The amount of coal tar 
available for distillation is constantly declining. Chemicals based on coal tar are being 
continually replaced by petroleum-based products. The decrease in demand does not 
call for new plant investment of any magnitude. This sector is, therefore, of almost no 
interest for pressure vessel fabricators. 



Synthetic resins and plastics 

76. Althou^ this sector is growing at an appreciable rate very few reactions of 
polymerisation require pressure (exception polyethylene) and corrosion problems are 
not severe. Thus the vessels for this industry, although numerous, are of low cash value. 

Vegetable and animal oils and fats 
SIC (1958): MLH 275 (1) 

77. Batch processes are usual in this industry and because of purity specification 
fairly small stainless steel vessels are common. It may represent an area of future 
interest if a change to continuous processes takes place, as seems likely. 



Sugar refining 
SIC (1958): MLH 216 

78. Pressures are low and vessels unsophisticated although stainl^s steel finds some 
application. This sector is also of little interest due to its slow growth rate. 
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Food and drink industries 

SIC (1958): ORDER n, except 216 and 240 

79- pressures rarely enter into food and drink manufacturing processes, but low 
pressures, say 50 psig, are encountered. Brewery equipment is of interest as the pro- 
cesses are becoming continuous and sometimes lightly pressurised. Beer storage tanks 
are also under low pressure. The sector is of some interest to stainless steel specialists 
and for manufacturers of clad and lined vessels. 



Pulp and paper 
SIC (1958): MLH481 

80. Pressure vessels only find auxiliary applications in this sector and represent well 
under I % of total investment. 



Cement 

SIC (1958): MLH464 

81. Pressure does not enter into the manufacture of cement. The use of pressurised 
transport systems for cement powder is of some interest. In these, pressures up to 100 
psig are used. For a fabricator who wishes to set up a special production unit cement 
transporters may prove of interest. 



Transport 

8Z This sector, although not requiring vessels for high pressure other than air re- 
ceivers, is interesting in that series production of transport tanks is possible. Materials 
of construction are carbon steel, stainless steel and aluminium with various combina- 
tions for low temperature vessels (in particular for industrial gases). However, economic 
production of such vessels requires specialisation and they are, therefore, of limited 
interest to the jobbing fabricator. There is also the possibility of series production of air 
receivers or air reservoirs. These are usually simple vessels operating between 160-200 
psig, but occasionally there are requirements for operation at much higher pressure, 
eg up to 3,000 psig. 
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Pressure vessel price and delivery quotations 

MINERAL on. REFINING 

Example of pressure vessel quotations for price and delivery are given below: 

oil rednery (Spain) 

(quotations at beginning of 1966) 

Price (£) Delivery {months) 

3 UK companies 12-14,000 12-15 

1 Italian company 6,080 10 



HEAVY ORGANIC CHEMICALS 

Examples of price and delivery differentials have been drawn from a series of cases 
concerning different types of vessels. 

(a) one quench boiler without bottom cover, 42' diameter, 1^' shell thickness, 
24 ft overall length, mild steel shell with chrome molybdenum tube plates (quotations 
in mid-1967); 







Price (£) 


Delivery {months) 


German companies 


(1) 


6,500 


5 




(2) 


11,700 


6 




(3) 


8,900 


5-6 


Italian companies 


(1) 


6,950 


7-8 




(2) 


10,300 


7 




(3) 


11,800 


10 


Dutch company 




11,200 


9-10 


US company 




13,830 




UK companies 


(1) 


13,300 


9 




(2) 


7,800 






(3) 


7,750 


7i 




(4) 


7,900 


8 




(5) 


9,250 


10 



(6) order unsuitable for economical fabrication 

(7) do not carry out this type of fabrication 

(8) no quotation received 



(b) Ethane quench boiler, comparable in all aspects to (a) (quotations up to the end of 
September 1967) 

Price (£) Delivery {months) 

German companies (1) 6,096 7 

(2) 6,971 6 
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Price (£) 


Delivery {months) 


UK companies (1) 


7,100 


1 


(2) 


6,850 


1 


(3) 


6,450 


10 


(4) 


7,250 


6 


(5) 


4,910 


SI 


(6) 


7,145 


7 



FERTILIZERS AND PESTICIDES 

The following table analyses a sample of (lowest) delivery and price quotations for 
June, July and August 1967. Deliveries (D) are given in months and prices (P) in £. 



Item 


UK 


Germany 


Italy 


Japan 


France 


Sweden 




D 


P 


P 


D 


P 


D 


P 


d! P 


D 


P 


6PV 


8 


57,070 


7il 33,730 


8 


41,940 


lOi 


49,760 


CO 

un 

'Lj 

CO 

O 


11 


50,740 


8PV 


9 


122,910 


11 ! 99,340 


7 


60,320 


10 


102,340 


j — 


11 


82,360 


10 HE 


9 


93,880 


i 91,960 

1 


9 


105,900 


9 


116,820 






— 



DYESTUFFS 



One 1966 quotation, for a high pressure autoclave, produced the following results: 



UK companies 


(1) 




(2) 


Italian companies 


(1) 




(2) 



£5,855 no delivery quoted 

£4,645 no delivery quoted 

£2,300* 7 months delivery 

£3,237* 7 months delivery 



•Excludes duty, but includes freight. 



INDUSTRIAL GASES 

Examples of price differentials are given below: 

(a) Sweden UK (end of 1966) 

£108,000 £111,000 

This concerned 2 vessels, in different materials (stainless), assembled on site. 

(b) Sweden UK (end of 1966) 

£196,000 £357,000 

£380,000 

(stretched spheres) (cylinders) 



(c) Sweden UK 

£302,000 £525,000 

These vessels were designed to different design standards. They were stretched 
and built in stainless steel. The Swedish process was technologically advanced 
which lowered vessel prices. 
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(d) Italy UK (March 1966) 

£71,000 £100,000 

The order concerned two regenerators. 



(e) Italy 
£9,000 



UK (March 1966) 

£10,000 



(f) Italy UK (March 1966) 

£42,000 £77,000 

The order concerned a gaseous oxygen storage vessel. 



SYNTHETIC RUBBER 

The following examples of wide UK price and delivery differentials were given (these 
concern quotations for the same application) : 



(a) 1961-2: distillates receiver 4 ft length x 13 ft 3 in diameter, ends and 
shell thickness: 



Prices of different 
UK companies 
£610 
£579 
£867 
£773 

(b) 1964: 5,000 gallon mild steel resin-lu 
12 ft length x 6 ft in diameter, she! 
shell thickness : 



Delivery time 
{weeks) 

16 

16-20 

27-30 

28 

id vessels for transpolyisoprene plant, 
thickness, 12 ft length x 9 ft diameter, 



Prices of different Delivery time 

UK companies {weeks) 



£1,664 32 

£1,749 27 

£1,801 32 

£1,668 27 

£989 22 

£1,007 22 

£1,016 n.a. 



(c) 1963: heat exchanger, 4 ft length x 5 in diameter: 



Prices of different 
UK companies 



Delivery time 
(weeks) 



£74 3-4 

£248 7 

£120 14-16 



(d) 1962: heat exchanger 10 ft length x 6 in diameter, 6 ft length x 8 in, 8 ft length x 
lOi in diameter, 6 ft 9 in length X 5 in dianwter, 8 ft length x 6 in diameter, 8 ft 
length X 8| in diameter: 
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Prices of different 
UK companies 
£437 
£679 
£555 
£540 
£289 
£240 
£295 



Delivery time 
[weeks) 
24-28 
24-28 



n.a. 

10-12 

12-14 

18-22 



(e) 1962: heat exchanger, 8 ft length X 10 in diameter, 12 ft length x 5 in diameter, 
16 ft length x 6f in diameter, 6 ft length x 8 in diameter, 8 ft length x lOi in diameter, 
6 ft 9 in length X 6 in diameter: 



Prices of different 
UK companies 
£245 
£449 
£530 
£679 
£555 
£540 
£352 



Delivery time 
[weeks) 
12-14 
24-28 
24-28 
24-28 
24 
n.a. 
10-12 



FINE CHEMICALS, PHARilACEUnCALS AND TOILET PREPARATIONS 

(a) Stainless steel reactor — 2,000 gal capacity, detachable covers, in shell, built to 
the company’s specifications, March 1967: 







Prices (£) 


Delivery time 


UK companies 


(1) quote 


8,380 


40-44 weeks 




(1) requote 


7,380 


32-36 weeks 




(2) 


5,118 


26-28 weeks 




(3) 


7,032 


32 weeks 




(4) 


6,465 


26 weeks 




(5) 


4,650 


28-30 weeks 




(6) 


4,325 


24-26 weeks 




(7) 


7,511 


36 weeks 


Swiss companies 


(1) 


4,650 


24-26 weeks 




(2) 


4,000 


28 weeks 


(b) Stainless steel reactor — 1,250 gal capacity, fixed covers, shell, August 






Prices (£) 


Delivery time 


UK companies 


(1) 


6,400 


52 weeks 




(2) 


5,780 


28-36 weeks 




(3) 


3,425 


30 weeks 




(4) 


4,020 


40 weeks 



Analysis of delivery sitmtion during 1965-1966 by a major UK contractor 

Delivery situation during 1965-6 in respect of two major export contracts, with equip- 
ment supplied ex-UK, is given in the following table: 

238 



Printed image digitised by the University of Southampton Library Digitisation Unit 



ANNEX F TYPICAL QUOTATIONS 



Months late in delivery 


0 




2 


3 


4 


5 


6 


7 




Item 


Total 
number of 
items 




Number of i 
nui 


terns late by the indicatet 
jiber of months 


1 




Columns 


9 








2 


3 





1 


3 







Heat exchangers 


26 


2 


4 


5 


— 


5 


2 


4 


4 




Tanks 


8 


— 


3 


4 


1 


— 


— 


— 


— 




Vessels 


32 


2 


6 


6 


5 


6 


3 


4 


— 




Total number items 


75 


4 


13 


17 


9 


11 


6 


11 


4 




Total ‘item-months’ late 




0 


13 


34 


27 


44 


30 


66 


28 


=242 



Average ‘lateness’ of all items— =3-2 months. 
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ANNEX G 



Leading chemical engineering contracting companies in the world 



The only organisations which are excluded from the list are the State Contracting 
Organisations of some of the comecon countries which have already been given in 
Chapter 15. The address given is that of the parent company, and a number of the 
American companies listed have subsidiaries in the United Khigdom. 



Country Name 

AUSTRIA Voest AG 

Linz/Donau 

BELGIUM Coppee-Rust S.A. 

251 av. Louise 
Brussels 5 
Mechim SA 
31 rue du Marias 
Brussels 
Sybetra SA 
66 Bd de I’lmperatrice 
Brussels 1 

Soc. Entreprises et Construction — — 

a I’Etranger 
186 av. Louise 
Brussels 5 

FRANCE Air Liquide F— PV USA, Canada, 

75 Quai d’Orsay Italy, Spain, Japan 

Paris 7e 

Technip — 

232 av. Napoleon Bonaparte 

Rueil-Malmaison 

(Seine et Oise) 

ENSA F— PV — 

5 Rue de Montessuy 
Paris 7e 

SFTS _ _ 

52 Champs Elys^ 

Paris 8e 



Fabricating 

facilities 



Overseas offices and 
subsidiary companies 



F— PV 



No indication 



France, UK, 
Germany, Spain, 
USA 

No overseas 
companies 



No indication 



Abbreviations used: F ^fabricating facilities 
PV=*pressure vessels 
— s=none 
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Fabricating 


Overseas offices and 


Country 


Name 


facilities 


subsidiary companies 


FRANCE 


Gexa SA 


F— PV 





— cont. 


6 bis rue des Graviers 
92 Neuilly-sur-Seine 
Ets. A. Herlicq et Fils 
35 rue Bassano 
Paris 8e 


i 

< 


— 




SA Heurtey 


— 


Belgium, Germany, 




30-32 rue Guersant 




Italy, Spain, Sweden, 




Paris 17e 




UK, USA, South 
Africa 




Kaltenbach et Cie 
3 av. Erlanger 
Paris 16e 


F 






Krebs & Cie 


— 


Belgium, India, 




59-61 rue Poucher 
Paris 17e 




Canada 




Ste. Onia Gegi 


F— PV 


Only overseas 




4 PI. des Etats-Unis 
92-Montrouge 




agencies 




Speichim 


F— PV 


Italy, agents in 67 




106 rue d’ Amsterdam 
Paris 9e 




countries 




SPIE 

75 Bid. Haussmann 
Paris 8e 


— 


~ 




STEC 

192 Grande Rue 
92-Sevres 






FEDERAL 


Didierwerke AG 


F— PV 





REPUBUC OF 


Alfredstrasse 28 






GERMANY 


43 Essen 

Klockner-Humboldt-Deutz 
Methweg 6 
5 Kbln-Nippes 


F— PV 


— 




Heinrich Koppers GmbH 


F 


France, Spain, 




Moltkestrasse 29 
43 Essen 1 




India, J^an 




Friedrich Krupp 
Essen 


F— PV 


No indication 




Linde AG 

8021 Hoilriegelkreuth 
Munich 




Fran(», USA 




Lurgi GeseUsdiaften 


— 


France, Italy, UK, 




Geminusstrasse 17/19 




Switzerland, Sweden, 




6 Frankfurt-am-Main 




Spain, Canada, USA, 
Australia, India, 
Japan, South Africa 
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Fabricating 


Overseas offices and 


Country 


Name 


facilities 


subsidiary companies 


FEDERAL 


Dr. C. Otto & Co. GmbH 


F— PV 


France, Italy, Hol- 


REPUBLIC OF 


Christstrasse 9 




land, Spain, USA, 


GERMANY 

— cont. 


Bochum 




India, Japan, 
Argentina 




Pintsch Bamag AG 
Wetzlarer Strasse 
Butzbach, Hessen 


F— PV 


Representatives in 
70 countries 




Carl Still 
Recklinghausen 


— 


— 




Friedrich Uhde GmbH 
Deggingstrasse 10/12 
46 Dortmund 


F 


UK, USA, offices: 
Japan, USA, world- 
wide representation 




Zahn & Co. GmbH 
Julius Wolff Strasse 2 
325 Hameln-Weser 








Chemibau Dr. Zieren 
5 Koln-Braunsfeld 


No indication 


Only overseas 
agencies 




Vickers-Zimmer AG 
6 Frankfurt-am-Main 


F-PV 


UK, Netherlands 


HOLLAND 


Comprimo NV 
Europahuis 
99 James Wattstraat 
Amsto-dam-O 


■ 






Continental Eng. 
Lutmastraat 2 
Amsterdam 


F— PV 


Mexico, Iran 


ITALY 


CTIP 

Piazzale G. Douhet 31 
Rome (EUR) 


— 


Belgium, France, 
USA, Brazil 




Oronzio de Nora 
via Bistolfo 35 
Milan 


F— PV 


Associated com- 
panies and repre- 
sentatives in W. 
Europe, Latin 
America, USA, 
UAR, India 




SNAM Progetti SpA 
San Donato Milanese 
Milan 


F 


France, Spain, 
Australia, USA 
offices: world- wide 




Jtalimpianti 
Piazza Piccapietra 9 
Genoa 


F 


No indication 




Techint 
via Cerva 46 
Milan 


F 


Offices : W. Europe, 
USA, Latin America, 
Middle East 




Technider 
via S. Sofia 27 
Milan 
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Country 

SWEDEN 

UNITED 

KINGDOM 



Fabricating 

Name facilities 

Gothenburg Plant Construction F 
Gothenburg 

CJB Ltd. — 

CJB House 
Eastbourne Terrace 
London, W2 

Matthew Hall F 

P.O. Box 404 
Matthew Hall House 
101-8 Tottenham Court Road 
London, W1 

Humphreys & Glasgow — 

22, Carlisle Place 
London, SWl 



The Power-Gas Corp. Ltd. F 
P.O. Box 21 
Bowesfield Lane 
Stockton-on-Tees 

Petrocarbon Developmente Ltd. — 

Petrocarbon House 

Sharston Road 

Wythenshawe, Manchester 

Simon-Carves Eng. Ltd, — 

Cheadie Heath 

Stockport/Cheshire 

Tarmac Civil Engineering F 

Ettingshall 

Wolverhampton 

Vickers-Zimmer Ltd, — 

Vickers House 

Millbank/London, SWl 

Whessoe Ltd. F — PV 

Darlington/Co. Durham 

George Wimpey M.E. — 

Flyover House 
Great West Road 
Brentford/Middx 

Woodall-Duckham Construction — 

Co. Ltd. 

Woodall-Duckham House 
The Boulevard 
Crawley/Sussex 
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Overseas offices and 
subsidiary co??ipames 



Canada, Australia 



Spain 



Australia, Canada, 
India, represent- 
atives: W. Europe, 
South Africa, Iran, 
Japan, Latin 
America 
South Africa, 
Australia, India, 
France, United 
States 

No overseas offices 



Spain, Canada, 
Australia, South 
Africa, India, Japan 
South Africa 



UK, Canada, Japan 



Factories: France, 
Nigeria ; Agents in 
16 countries 
Australia, Bahrain, 
Canada, Ethiopia, 
Nigeria, South 
Africa, Spain, 
Trinidad 
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Country 

JAPAN 





Fabricating 


Overseas offices and 


Name 


facilities 


subsidiary companies 


Chiyoda Chem. & Eng. 
Chiyoda Building 
No. 3-3, 3-chome 
Akasaka, Minato-Ku/Tokyo 


F— PV 


Agents in Western 
Europe and USA 


Hitachi Ltd. 

New Manmouchi Bldg. 
Chiyoda-ku/Tokyo 




No indication 


Hitachi Zosen 
47 Edobori, 1-chome 
Nishi-ku/Osaka 


F— PV 


Offices in UK, USA, 
Federal Republic of 
Germany, Norway, 
Hong-Kong 


Tshii Iron Works 
Sukiya-Bashi Bldg. 

3 Ginza Nishi, 4-chome 
Chuo-ku/Tokyo 


F— PV for 
storage tanks 


No indication 


Ishikawajima-Harima 
Ohte-Machi, 2-chome 
Chiy oda-ku /T oky o 


F— PV 


Offices in W. Europe, 
North and South 
America, South 
Africa 


Japan Gasoline Co. 
New Ohtemachi Bldg. 
Chiyoda-ku/Tokyo 


F 


No overseas offices 


Kobe Steel Works 
36, 1-chome 
Wakinohama-cho 
Kukiai-ku/Kobe 


F— PV 


USA and Federal 
Republic of 
Germany 


Mitsubishi Ltd. 

6 Manmouchi, 2-chome 
Qiiyoda-ku/Tokyo 


F— PV 


No overseas offices 


Mitsui Zosen 

6-4 Tsukiji, 5-chome 

Chuo-ku/Tokyo 


F— PV 


Representatives in 
USA, UK and 
Federal Republic of 
Germany 


Mitsubishi Heavy Ind. 

10 Manmouchi, 2-chome 
Oiiyoda-ku/Tokyo 


F— PV 


Offices and repre- 
sentatives in USA, 
UK, Federal Re- 
public of Germany, 
Norway, India, 
Thailand, Hong- 
Kong and Australia 


Niigata Eng. Co. 
27-7 Taito, 2-diome 
Taito-ku/Tokyo 


F 


Offices in Brazil 
and Argentina 


Toyo Eng. Co. 

3-5 Nihonbashi Honshu 
Chuo-ku/Tokyo 


F 


Office in India 


Yawata Chemical Eng. 
Ginza-higashi 


F— PV 


No indication 



Chuo-ku/Tokyo 
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Fabricating 


Overseas ojfices and 


Country 


Nofne 


facilities 


subsidiary companies 


SOUTH 

AFRICA 


Vecor Projects Ltd. 


— 


No overseas offices 


USA 


Air Products Inc. 
P.O. Box 538 
Allentown, Penn. 


F— PV 


UK (factory PV), 
offices in Federal 
Republic of Ger- 
many, Italy, Belgium 




. Allis Chalmers Inc. 
Milwaukee 1 
Wisconsin 


F 


Offices and repre- 
sentatives through- 
out the 

non-Comecon world 




Badger Co. Inc. 
363 Third Street 
Cambridge, Mass. 




Main overseas 
offices in UK and 
Holland. Offices in 
Canada, W. Europe, 
South Afiica 




Bechtel Corp. 

220 Bush Street 
San Francisco/Calif. 




Offices throughout 
the non-communist 
world 




Blaw-Knox Co. 
300 Sixth Avenue 
Pittsburgh/Pa. 


F 


France (Factory) 
and Japan (the 
equipment manu- 
facturing division) 
offices and agencies 
throughout the 
world 




C. F. Braun & Co. 
Alhambra/ Calif. 


F 


Offices in Canada 
and UK 




Brown & Root Inc. 
P.O. Box 3 
Houston 1/Texas 




Offices in Canada, 
Latin Ameica and 
W. Europe 




Catalytic Construction 
1528 Walnut Street 
Philadelphia/Pa. 

Chemico 

320 Park Avenue 

New York/N.Y. 10022 




Canada and UK 

UK, France, South 
Africa 




C. & I. Girdler Inc. 


F 


Belgium, Federal 
Republic of 
Germany, UK 




Crawford & Russel Inc. 
733 Canal Street 
Stamford/Conn. 06904 




Office in Holland 




Dorr-Oliver Inc. 

77 Havemeyer Lane 
Stamford/Conn. 06904 


F 


Offices and sub- 
sidiaries throughout 
the non-communist 
world 
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Country 

USA 

— cent. 



Name 


Fabricating 

facilities 


Overseas offices and 
subsidiary companies 


Fluor Corp. 

2500 South Atlantic Bid. 
Los Angeles/Calif. 




Offices and sub- 
sidiaries in UK 
(principal), Sweden, 
Holland, Canada, 
South Africa, 
Panama 


Foster Wheeler Corp. 
Livingstone/New Jersey 


F 


Offices and sub- 
sidiaries in North 
and South America, 
W. Europe and 
Japan 


Jacobs Eng. Co. 

837 South Fair Oaks Ave. 
Pasadena/Calif. 




No overseas offices 


M. W. Kellogg Co. 
711 Third Avenue 
New York/NY 10017 


F 


UK (most import- 
ant), France, 

Federal Republic of 
Germany, Spain, 
Australia, Argentina, 
Brazil, Colombia, 
Venezuela 


Koppers Co. Inc. 
Koppers Building 
Pittsburgh 19/Pa. 




Office in Switzerland 


Litwin Corp. 

520 East William Street 
Wichita/Kansas 




France and Israel 


Lummus Co. 

385 Madison Avenue 
New York/NY 10017 


F 


UK, France, Hol- 
land, Spain, Italy, 
Canada, Iran, India, 
Japan, Venezuela 


A. G. McKee & Co. 
2300 Chester Avenue 
Oeveland/Ohio 


F 


Canada, Australia, 
Chile, Mexico, 
Brazil, Argentina, 
France, Spain 


The Ralph M. Parsons Co. 
617 West Seventh Street 
Los Angeles 17/Calif, 




W. Europe, Middle 
East, Japan 


J. F. Pritchard & Co. 
4625 Roanoke Parkway 
Kansas City/Missouri 




Subsidiaries in 
Canada, offices 
throughout the free 
world 


Procon Incorp. 

Ill Mt. Prospect Road 
Des Plaines/IU. 


— 


North and South 
America, W. Europe, 
Australia, Far East 
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Country Name 



Scientific Design 
2 Park Avenue 
New York/NY 10016 



Fabricating 

facilities 



Selas Corp. of America F 

Dresher/Pa. 19025 
Steams-Roger Corp. F 

660 Bannock Street 
Denver/Colorado 

Stone & Webster — 

225 Franklin Street 
Boston Mass. 02107 
Struth^ Scientific & Inter- F 

national Corp. 

International Building 
630 Fifth Avenue 
New York/NY 

Vulcan Cincinnati Inc. — 

120 Sycamore Street 
Cincinnati/Ohio 

Weatfierby Eng. Co. — 

P.O. Box 36292 

Houston/Texas 

D. M. Weatherly Co. F 

1800 Peachtree Road 
Atlanta/Georgia 

Wellmann-Lord Inc. — 

New Mulberry Highway 
Lakeland/Florida 
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Overseas offices and 
subsidiary companies 

Ofiices and sub- 
sidiaries in Canada, 
UK, France, 
Switzerland, repre- 
sentatives in Japan, 
Mexico and India 
Netherlands, 
Switzerland 
Canada and Mexico 



UK, France, 
Belgium, Holland, 
Canada, Australia 
France and Mexico 



No overseas offices 



No overseas offices 



No overseas offices 



No overseas offices 
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ANNEX H 



Leading pressure vessel fabricating companies abroad 



Companies in France 



CONSTRUCTIONS METALUQUES DE PROVENCE 

1. CMP incorporates CMO itself and Constructions Metalliques des Ardennes, 
Issued capital is FF 15 M. The company has three fabrication units, all specialised in 
pressure vessel construction! at Arles, close to the Mediterranean, at Sedan in the 
Ardennes, and at Dunkirk, the more recent and with the heaviest equipment. 

2. CMP is highly specialised : the complete range of its product field is the following: 
tanks; 

pressure storage tanks; 

refrigerated storage under low and very low temperature; 

all sorts of pressure vessels, especially reactors, towers, colu mns , heat exchangers,, 
spherical reactors, etc. 

3. CMP has been ranked by some contractors as the leading company in Europe as a 
builder of spherical pressure tanks for gas storage. 

4. Specialised in the fabrication of pressure vessels for the refinery and petrochemical 
industry, CMP has built a wide range of pressure vessels to a number of foreign stand- 
ards, especially to the API 650, and all the relevant ASME standards. CMP’s prices are 
said to be usually higher than those of any other European pressure vessel fabricator, the 
emphasis being laid on reliability in quality and delivery and other services. Amongst 
CMP’s recent deliveries were a clad steel distillation tower of 81 tons with a diameter of 
5 ' 6', and an overall length of 172', and an atmospheric tower of 118 tons, 18' diameter 
and 150' in height. 

5. Plate forming capacity is up to 5". Automatic welding is used wherever possible. 
Welds are usually inspected by Cobalt-bomb gamma rays. CMP build pressure vessels 
in various materials. 



SCHNHDER-CREUSOT 

6. Schneider- Creusot is one of the largest industrial groups in France, with a powerful 
financial background. The company is interested in iron and steel as well as in a variety 
of steel fabrications. In the pressure vessel field Schneider-Creusot fabricates a wide 
range of products from boilers to high-pressure process and storage materials. It is 
the only company (perhaps with CMP) fabricating very high pressure vessels. Further 
important specialisation is in heavy forgings. 
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7. The upper working plate thickness in Schneider-Creusot’s shops is in the order of 
S" to 10", with a cranage capacity in the neighbourhood of 300 tons. The company is at 
present able to build vessels up to 500 tons and plans an extension to cover 800 tons. 



8. Engineering contracting for industrial plant installations is carried out for 
Schneider-Creusot by the group’s engineering subsidiary, ENSA, one of France’s 
leading chemical contractors. 



SOCmiE FRANCO-BELGE SA 
<Issued capital: FF 13 M) 

9. Employees; about 1,300 (of which 100 are engineers and 200 are technicians and 
draughtsmen mainly operating in a separate research bureau). 

10. Fabrication: steel products, railway rolling stock, general mechanics, steel 
framework, forging, heavy boilerwork, etc. Engineering and fabrication of complete 
chemical plants. 

11. Main pressure vessel production: spherical and other pressure storage tanks, 
reactors, stabilisation-distillation-absorption, etc. towers, Foster-Wheeler boilers, 
heat exchangers, etc., up to 150 ton unit-wei^t. 

12. Main equipment: plate forming up to 55 mm, 4 automatic Union Melt welders, 
30 semi-automatic electrical welding apparatuses, 20 Argon and 40 other electncal 
welders, gamma, X-ray and ultrasonic inspection devices, etc. 

13. Franco-Beige has a working association with Herlicq et Fils (engineering con- 
tractors) and Herlicq has a majority interest in Franco-Beige. Herlicq specialises in the 
refinery, hydrocarbon processing and iron making industries, and often works in 
association with an American chemical contracting group. 



VAIXOUREC 

14, This company is a specialist for all types of dished ends and suppli^ the bulk of 
the French industry’s requirements in ail steels and alloys, including a range of clad 
steel dished ends. Vallourec also build pr^sure vessels, but mainly for stora^ undCT 
pressure. The quality of Vallotirec’s dished ends seems to be highly appreciated by their 
French customers. 



CAFL - COMPAGNIE DES ATELIERS ET FORGES DE LA LOIRE 

15. With a capital of FF 123M, CAFL fabricates iron and steel products, railway 
rolling stock, madiines and motors, etc. They are France’s second dished ends supplier 
and, in the pressure vessel field they specialise in large forgings. 
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BRISSONNEAU ET LOTZ 

1 6. An important fabricator of industrial machines and equipment, electric and other 
motors, diesel, diesel-electric and electric locomotives, B & L specialise in heat ex- 
changers of the higher pressure range in all metals, especially high quality steels and 
alloys. 



LORRAINE-ESCAUT 

17. This company is engaged in the production of iron and steel, and steel products, 
and of all forgings and heavy mechanical construction. Lorraine-Escaut is a leading 
iron and steel producing company in Western Europe. The specialisation in inressure 
vessels is not important at group level. 



CHANTIERS DE L’ATLANTIQUE 

18. Chantiers de I’Atlantique is France’s leading shipbuilder. In the pressure vessel 
field they specialise in medium and heavy fabrication, especially thin wall high-pressure 
vessels (licence Multiwall from Struther Wells, USA) and marine and other boilers. 
The excellent production control of this fabricator was mentioned by one leading 
British chemical contractor — every pressure vessel is programmed through the factory 
computer, based on a standard time basis. 



19. Chantiers de I’Atlantique, SOCALTRA (Societe Alsacienne d’Etudes et de 
Travaux; pipe, boilerwork and heat exchangers), ALSTHOM (boilers and electric 
machinery for process industries) and Fives-Lille-Cail (machinery, pumps, boilers, etc.) 
work in association with GEXA, an important engineering contractor. It does not 
seem, however, that they actually have a significant share in the country’s pressure 
vessel market. 



20. Another and more recent working integration appears more important, and in- 
volves Societe Fran?aise de Construction Babcock et Wilcox; Chantiers de I’Atlantique 
and Societe Fives-Lille-Cail. S.F. de C. Babcock et Wilcox and Chantiers de I’Atlantique 
founded (in 1967) the Babcock Atlantique on the basis of all the production facilities 
of the two founders in the fields of the production of boilers, heavy boilerwork and 
nuclear engineering, and the industrial refrigeration facilities of Chantiers de TAtlant- 
ique. Fives-Lille-Cail is associated with the new Babcock-Atlantique’s activities for the 
production of boilers and nuclear heat exchangers. Babcock-Atlantique will have an 
approximate turnover of 500 million francs (about £36M) per year. The S.F. de C. 
Babcock et Wilcox specialises in heavy boilers (for thermal power generation, etc.) and 
equipment for oil refineries, nuclear plants, etc., and Societe Stein et Roubaix in boilers 
(mainly heavy) and heat exchangers. It is estimated that Babcock et Wilcox, Stein et 
Roubaix, and Fives-Lille-Cail supply practically all the heavy boilers installed by EOF 
(Electricitd de France), their respective share of the market being 50%, 30-35% and 
about 35%. 



21. A selection of medium-size French companies producing pressure vessels is given 
in Table H(l). 
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TABLE H(l) 

Selected medium-size French companies producing pressure vessels 
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Note: Ooly those companies upon which documentation could readily be obtained are listed 



APPENDIX F 



Companies in the Federal Republic of Germany 

22. A detailed investigation was not carried out in Germany. However, certain 
categories of companies are presented on the basis of some companies typical of each 
of the categories: 

large integrated pressure vessel fabricators, 
medium-size companies fabricating pressure vessels, 
smaller medium-size companies, 
non-regular fabricators. 

23. Large integrated fabricators. The companies in Table H(2) appear to lead the 
pressure vessel industry in the Federal Republic of Germany. The fundamental char- 
acteristics of their industrial integration is vertical in that it goes from a captive raw 
materials basis to finished (mainly industrial) products. There are two special cases of 
large companies as follows: 

The DEUTSCHE BABCOCK AND WILCOX AG can be assigned to none of the categories. 
With its 6,000 workers, the company realised an overall turnover of £26M in 1964. 
Atomic reactors, heat exchangers, boilers, and various pressure tanks were among 
the main products of the company. It was, however, not possible to determine the 
share of pressure vessel production in the overall turnover. 

The largest company with important specialisation in pressure vessels is borsig ag in 
Berlin. Apart from the large integrated companies Borsig is the only pressure vessel 
fabricator often motioned by contractors when discussing the German market for 
pressure vessels. With its 5,000 workers, Borsig realised an overall turnover of about 
£25M in 1965. The principal specialisation in the pressure vessel field concerns heat 
exchangers for nuclear reactors (power generation). All kinds of pressure vessels are 
constructed, especially high-pressure, in special high strength steels and alloys. The 
company fabricates a wide range of installations for the chemical, gas refinery, and 
iron and steel industries. 

24. Medium-size fabricators are indicated in Table H(3). 

25. Smaller medium-size companies: examples are given in Table H(4). The companies 
listed are all independent, selling on the open market, hagemann, hering and schmidt 
seem to be mainly family interest. The number of workers by company is between 130 
and 260, and their turnover between £0* 5M and £1 • 6M. Although they are competing 
for pressure vessel orders all over the Federal Republic of Germany, some of them also 
in other West European countries, companies of this category cannot have a significant 
influence on market conditions. This class is mainly important for the construction of 
boilers, with the major exception of Schmidsche GmbH, specialising in the production 
of high pressure heat exchangers for process gases. As for the market orientation of 
both of the above categories of companies it was not possible to determine the extent 
to which their products are marketed through German based contractors. 



252 



Printed image digitised by the University of Southampton Library Digitisation Unit 



a 

1 



I 



CJ £ 



P 

H a 



a c 
o 



a I 

■o .2 ' 



o 

S o 
_.§« 



g 

E 



iR-ai 



« &*3 



JO 



2 

_gE>. 

J3 tr »* •- 



0.2 



C-H*- 

o £ 



2 S ? 



S 4> 



I 

o w O - 

Pl§“ 

H'aS'a 2 



o 

- s 

at;c5o £•= 
.2 0.2— .9 
■5^2= a3>« 

s3sas " 



M e 
'«.2 



i^.s| 

rS-S C T 



fejq 



•w— o 2 
h= ^ 

slltg: 



u S 
I®-* 



I 

SD 2 

S-3 ^ 

P.9 2 2 



M ^ 

O S 



a1 



la „ 

o fe D.O 
^ *n O. 
T5 ? 2 p 



= &■ -a 

asp 

iJ'g.i> 

o.z,-^> 

09 BJ 



^■o o 

T3.S-P 



S-otl'S 



<2 S ® 



CQ o £ o. 

S“.al 

.t: d oj i-J2 o 

^"'-'8o£g'6 

>3q§'3>S^ 

0.1 ao d 0 .C M 0 < D. u 



ll 



SB . 

ill 



.s u< 
taO O 
•- u 
3 3 
= W 



•S-o" 



go§ 

« £v3 



0-0 

E.a 



► o 

&c2 



■csga 

•SS2^ 



= §>& 

3 3 =Ph O 



'4 

II 



> > 



1 i 




res- 

ties 


h| 


§ 


! 1 
» 3 

■a * 


§ 

1 


s eg 

]».— -p 


oa" £■ 2 

CQ 5 g 
K«-C 

— ■3 JO 


3. 

•o 

91 

0.3 


1 2 
•o ® 


“ 


heaviest and h 
sures, all ste 
forgings, dishi 


^ h3 

s «*2 

«TJ> 


la 


dished en 
of PV 
HE, B, T, 
ties 


& 

3 

4 

3 


o 

^§1 


very high 
sure, esp. 
reactors 






.9 d t 



> o o 

k-E..- 



•oS *o aS 

’■-S §S| 



gg^ 

•h’55*a 



2 

U 60 

3 a 






sg«8 

«2ii S 
2 2.2 o. 
•O 32*— 



O. 

Q. 

3 






a| 

2^2'sS« 

— 2’j{ e w 

S|||2= 

M U » tn 



0^-3 

Q— ■ u.S o 2 

S.® 

u c 



gs3l 

H.&a 

r&a 



s°. 

S”“ 1 
ao J 



■sUo 

© 



(g ^ 



SO 2 
fC *J J- ^ g 

H N 2 o.§ 
2-2 1^2 S 

o © 9 2 

■cESl 

3«al 



^SsS 

si|2 

S.S:S’2 



IS 



illi 



3^ 

o< 

3 «» 



’o c 

=-::.nv<,2>o 



3 B9 



S s q g I 



d E 

o< 



§ 



oS 

_S 

60*9 



» »-i ? 



2^9 

7> 3*S 
.O C h 



— ._ — vt ed 

gS*3 Q 



£ .O 

5^5 

'5.2-s s 

n^-l 

5-^8 



2.^2 2 «- . 

>•3 a o 8 K*ii rt = o 
S 3 S*«.2 C.2 ®2 
M « >C4 43 £’.S3:n O o. 



5 



a 

3 

K 



§i 

as 



ts o 
c-2^ 
*s ©< 



€s 

OJ5 

go< 



«--23 

os .3^3 r 

P-sIe 

c I aoSOt 

= i'i£ = o 

5 r *2 s STS 



2>^-s 



gogSga 

«> &’5’3rv 



= j_ u .* 

SHiS pr-S 



5&S30 2i2 



253 



PV VOL II J 

Printed image digitised by the University of Southampton Library Digitisation Unit 



Source: Compilation based on Interviews, company brochures and trade journals 



TABLE H(3) 

Medium-size companies engaged in pressure vessel construction 
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Note: H-PV—high-pressure vessels 
PV =»pressure vessels 
HE =3 heat exchangers 
B —boilers 

T —tanks 
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TABLE H(4) 

Smaller medium-size pressure ve^l fabricators 



Name of 
company 


Activity 




Estimated 
turnover 
in vessels 
(£’000) 


General 


Specialisation 
in vessels 


Market actirity 


M. H. Kock 
GmbH 


Gen. mechanical 


HE 


West Europe, 
was at Earls 
Court, London, 
in 1965 


130 


OAB Bodenpres- 
serei GmbH 


— 


Dished ends up to 
4‘Om. diam. 


— 


— 


C. Aug, Schmidt 


Vacuum 

equipment 


HE for ref. 


West Europe, 
Earls Court, 
London, in 1965 




Gebr. Hagemann 
AG 


Sted const, and 
containers 


PVandT 


— 


— 


Oschatz GmbH 


Speririises 


B 


— 
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Poehagen & 
Pfahler GmbH 


Gen. mech. 


B, PV and T 


— 


180 


A. Hering AG 


Equipment for 
chem. ind. 


HE and B 


— 


140 


Ratinger AG 




HE, T and 
Forgings 







Note: PV=pressure vessels; HE=heat exdiangns; B=boi!ers; T=tanlcs 



26. Regular and non-regular fabricators. Although the market effect of non-regular 
fabricators is of some importance, they are given much less attention in Germany than 
in the UK or in France. This may be partly due to the contractors’ attitude: they claim 
to give orders for pressure vessels only to fabricators they know for the quality of their 
products: price is claimed to be a secondary factor. It is practically impossible to 
distinguish between regular and non-regular or time-to-time fabricators. Indeed, it is 
thought that once a non-specialised heavy fabricator started building pressure vessels 
and was technically and economically successful, he coubd no more be considered as a 
time-to-time pressure vessel builder, mid he would try to remain p«manently active in 
constructing pressure vessels. A distinction can be ma<te, however, betwe^ the extent 
to which various companies are specialised in the pressure vessel field. 



German pressure vessel shop layout - one example {not necessarily typical) 

27. The presmit workshop layout of one large German pressure vessel buildCT did not 
follow any comprehensive plan for material and vessel mov«nent. The workshop’s site 
was 116 years old and as a result considerable time and costs were involved in move- 
ment between the various shops. A plate could travel a total of 3,000 nitres between 
stockyard and final despatch from the works. Despite the handicap of piewmeal 
expansion there was plmity of room in the workshops. The company was now building 
a new works on the River Rhine which should hdp to rediKe the cost of making a 
pressure vessel by 20 %. The main fabrication shop would be 300 metres long and would 
be served by road, rail and river. Materials would travel only 120 metres compared with 

255 



Printed image digitised by the University of Southampton Library Digitisation Unit 



APPENDIX F 



the 3,000 metres of the old works. New equipment to be installed included gamma ray 
inspection. A considerable part of the cost of the new works was to be obtained by 
selling the old site for re-development. 



Cornices in Italy 

28. Table H(5) gives a comparison of the major compames, as drawn from the inter- 
view programme in Italy. Further details are given following the table. 

TABLE H(S) 



Major Italian fabricators 











Capacity(3) 




Company 


Specialisation 
(i.e. current work) 


Approx. 
No. of 
emplys. 


Usual No. 
of shifts 


Total 

tons/ 

month 


Heat 

exchangers 

t/month 


Estimated 

turnover 

£M/yr.(4) 


FBM 


Heat exchangers 


500(2) 


2 in plate 


5-600 


50-60 


4 


Bonaldi 


(mainly) and 
columns 
As above 


500 


forming dept. ; 

1 in mech. dept. 
1; 2 in some 


500 




3-5 


BeUeU 


As above 


Approx. 


depts. 

1 


3^00 


about 30 


2 


Sartori 


70-80 % columns 


300(3) 

2-300 


2-3 


500 


20-30 


2 


Nuovo 


and pressure 
vessds 

Columns and 


800 at 


2-3 


1,000 


_ 


4-5 


Pignone 

Bosco 


vessels 


Massa 

600 


3 


800 


70 


4 



0) Two different terms of measure that are not comparable 
p) Plus 2-300 at subsidiary Hudson Italiana, Mantova 

(3) In Mantova, total possible 1,000-1,500 since they also cany out erection and have 
works in Catania and Brindisi. 

(4) Turnover figures, as they are not published they have been estimated on the basis of 
various factors, and are to be taken as a guide only. 



BONALDI SPA CREMA 

29. Bonaldi is one of the oldest and better known Italian pressure vessel fabricators, 
having started the manufacture of boilers and vessels at Crema in 1907. It specialises 
today in medium and large size installations for petroleum and petrochemical plants. 

30. Typical of the larger Italian pressure vessel manufacturers, Bonaldi is known to 
have fairly advanced equipment. It is believed that it does not differ greatly from that 
which can be found installed in a comparable British fabricator. The following is taken 
from Bonaldi’s statement of capabilities: 

cold rolling of steel sheets, up to 3' and hot rolling up to 7'; 
fabricating dished ends, with diameter up to 8' 2'; 

256 



Printed image digitised by the University of Southampton Library Digitisation Unit 



ANNEX H FOREIGN FABRICATORS 



automatic and manual welding of pressure vessels to the maximum diameters allowed 
for truck and rail transportation; 

inert gas welding; 

turning on horizontal lathes of worlq)ieces up to 4' -if' diameter and 20' loigth; 
turning on face lathes of workpieces up to 10' diameto*; 

turning on vertical turning and boring mills of workpieces havii^ a diameter up to 
6' 6i'; 

drilling of tube sheets, up to a diamet^ of 10'; 

milling and planning of metal parts for chemical processes; 

precision bold threading with automatic machines; 

annealing up to 2,200°F of pressure vessels up to 10' diameter, 52' 6' length and 
75 tons weight; 

radiographic, gammagraphic, magnaflux equipment and ultrasonic inspection to 
check welds or materials ; 

all recognised and approved testing methods for materials. 

FBM SPA MILAN 

31- FBM is one of the more pro min ent companies in the Italian pressure vessel 
industry, and started pressure vessel fabrication post-war. The company is particularly 
known for its production of pr^sure vessels in stainless and alloy steels, clad steels and 
non-ferrous including reactive metals. The company is frequently praised by chMnical 
engineering contractors for its heat exchangers, due to very modem plant and excellent 
shop layout. The company was reportedly the first in Europe to buy the giant Lahr 
driller. This is a very advanced single spindle computer programmed machine. 

32. FBM’s present works are in Milan with an area of about 30,000 m^, of which 
about 12,000 m^ are covered. The firm is about to move into the country about 35 km 
north-east of Milan on an area of about 600,000 m^. 

33. The preswit works are divided into several shoi» including machines of the same 
type: a complete mechanical shop, welding preparation and fabrication facilities, 
rolling, bendkig and cutting machines, stress relieving furnaces, prefabrication assem- 
bling and auxiliary equipment. The works are provided with an efficient internal 
transport and hoisting system, internal rail siding and excellent road connections, 

34. The production plants are integrated by laboratori^ for mecham'cal tests, control 
of material and non-destructive tests as well as by a d^>artment for welding research 
and equipmait for controlling the finished products. 

35. The following particulars can be mentioned: 

total instaUed capacity of electric powa- sub-stations (2,000 KVA); 

welding: subma-ged arc automatic units, shielded arcwelding units, spec^ tita ni u m 
and similar metal structures, and welding fadlities; 

sheet anting: heavy duty cutting and bevelling machines, 12,000 mm effective width, 
and other minor cutting units; 
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boring and drilling: No. 2 fully automatic electronically controlled boring machines ; 
drilling and boring units of any size; 

sheet rolling facilities: max. plate thickness 60 mm; 
stress relieving: up to 1,250®C max. temperature; 
hoisting facilities: max. capacity 80 tons; 

complete laboratory for test, inspections, experimental laboratory for development 
and improvement of welding techniques; 

complete equipment for X-ray, gamma-ray testing, ultrasonic tests, magnafiux gas 
leak tests, etc. 

BERGUM SPA 

36. This is a relatively small and recently formed company and can be considered 
typical of a great number of successful Italian companies which have sprung up parallel 
with Italy’s industrial development. Bergum employs about 100 workers and is expand- 
ing at a steady rate. The shop is in the country about 30 miles from Milan, while the 
oflB.ces are on the outskirts of Milan. The layout of the shop (four 15 metre bays) has 
been designed for expansion; workspace is ample but already in the process of being 
doubled in length with two 30 metre bays. 

37. Equipment would not appear very different to that of a typical British fabricator: 
maximum cranage capacity at present is 70-80 tons ; 

may imnm present size of products is 26 m in length and 4 m in diameter; 
their present stress relieving oven k 18 m long; 

typical fabrications by Bergum are vessels, LPG tanks, refinery columns and towers, 
heat exchangers, mainly in carbon steels and in the range of less than 2 in thick. 

38. Due to competitive prices, Bergum has not experienced a lack of orders. The 
competitiveness is attributed to manpower productivity. Bergum has a very small non- 
directly productive staff. Relations between management and workers are quite direct 
and very good. Cost of labour is comparable to that in Britain, but there are no de- 
marcation problems and the work force can be employed at all moments to its most 
productive use. 



Italian pressure vessel shop layout 

39. The pressure vessel fabrication shops seen and discussed in Italy varied. If the 
shop was quite new (say 5-15 years old) and built outside the residential areas, the 
advantage of long shops would adopted. Fig. H(l) shows such a site, with three bays 
separated by columns rather than walls, leading into one large bay. 

40. In older shops and particularly those in town areas shorter multi-bay arrangements 
would be adopted. The problem of material flow in such shops were reduced by moving 
the men rather than the materials. This was particularly true for the stages of section 
welding, assembly and finishing which were allowed to take plaice in the same part of 
the shop for a given vessel. It is, however, possible to say that for Italian shops, being 
mainly newer purpose built, more thought has been given to correct utilisation of space 
and cranage. 
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Fig. H(1). Typical lay-out of modern Italian pressure vessel fabrication site showing length and uni-directional movement of main shop 

(non-residential area) 
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The influence of state - organised industry in Italy 

41. The following notes concern the influence of State participation in the process 
plant industry in Italy. 



42. Referring to Fig. H(2), there are three main organisations with interest in the 
process plant industry: the Nationalised Petroleum Industry (bni), the State-owned 
General Holding Company mi (set up in 1933), and the State-owned Holding Company 
EFIM (set up in 1962) which has inter-alia special interests in developing the southern 
part of Italy. 



43. An outstanding characteristic is the strong horizontal integration of the various 
sectors comprising these organisations- Thus finsider has most, if not all, of the various 
steel-making plants in which mi has an interest. Whilst stroi^ horizontal integration 
has advantages in terms of rationalisation of (for example) steel production, there are 
also potential disadvantages through possible lack of adequate contact and information 
exchange between steel plants, the fabricators, the contractors and the final users (ie 
inadequate vertical integration). Vertical integration is becoming more important with 
the increase in demand for *tum-key’ plants. 



44. Vertical integration exists in eni between the contractors snam and the heavy 
vessel makere Nuovo pignone, although snam is not tied to using it solely. Vertical 
integration exists in mi in the form of steel makers supplying steel to companies within 
FINSIDER to fabricate vessels, but the essential contractor-to-fabricator contact has yet 
to be introduced (within finsider). At the moment the various fabricators within 
FINSIDER use SNAM OT outsidc contractors such as Foster Wheeler or cnp. Alternative 
bodies that can provide a certain amount of contracting or engineering design effort 
are ansaldo m. nucleare in fincantiere (part of mi) and breda t l (part of efim). 



45. However, finsider potentially represents a very powerful complex for the com- 
plete production of ‘turn-key* plants as it is already well integrated horizontally, and 
has one of the two main stages of vertical integration in operation (steel works to 
fabricator). It only remains for the final stage of vertical integration to be completed 
(contractor to fabricator). 



46. In this respect it may be important to observe how societa italiana impianti 
develops. This was formerly part of cosider and has a strong engineering design c^abil- 
ity. Because of the interest of mi (direct) as well as fincantiere, Finmeccanica and 
finsider, the sn could develop into a strong chemical engineering design organisation 
and complete the final stage of vertical integration within finsider. Should this occur, 
finsider could become a leading industrial group in Europe in manufacturing vessels 
for complete chemical plant. 



47. Notes to be read in conjunction with Fig. H(2): 

ENI SNAM — contractors and chemical engineering design. 

NUOvo pignone — ^ plant located near sea; makes large, heavy carbon steel vessds; has 
engineering design capability. 
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IRI ANSALDO M N — boiiers, important time-to-time pressure vessel fabricator. 

ITALSIDER — Steel plate. 

DALMINE— steel tubing (thick walled and normal), gas containers, 

ATB — steel forgings, dished ends, heavy pressure vessels. 

TERNi — steel plate, forgings, dished ends, heavy pressure vessels. 

TERNINOSS— stainless steel plate. 

sociETA I. IMPIANTI — engineering design, could expand into contracting. 

MONTECANTINI EDISON— engineering design. 

EFIM BREDA T L — boilers, engineering design, important time-to-time pressure vessel fab- 
ricator. 



Fabricators in Sweden 

48. Sweden’s most important fabricator of pressure vessels is uddeholms aktiebolag, 
Degerfors, Sweden, which is part of a vertically integrated organisation. The works 
employ 2,200 out of the company’s total of 15,000 employees. Most of the Degerfors 
Works’ production facilities are regularly used for the fabrication of pressure vessels. 
The total value of pressure vessels fabricated in 1966 amounted to £2 • 5M. The Degerfors 
Works has its own facilities for the preparation of steel plate materials for pressure 
vessels. The laboratories are also shared with the steelworks on the same site. 

49. Product range includes the following: reactor, pressure vessels, ammonia syn- 
thesis converters, high pressure autoclaves, columns, absorption towers, fermentation 
vessels, separators, storage pressure vessels for gases and liquids, storage spheres for 
compressed gases, transport tanks, pipework, etc., are regularly fabricated for the 
chemical, refinery, petrochemical and pulp-paper industries, etc. There is also specialisa- 
tion in various types of pressure vessels for nuclear energy plants. 

50. The area of Degerfors’ heavy fabrication shops amounts to 236,CKX) ft^. Cranage 
capacity reaches 250 tons. Stress relieving is possible for vessels up to 18' in diameter. 
Plates up to 8' thick can be formed, and dished ends can be pressed from a single plate 
up to 9' 6' diameter. Dished ends and conical parts can be built up to 26' in diameter. 
Besides the most advanced welding equipment in the shop, the Degerfors Works has a 
welding laboratory for all necessary welding tests and all weld details for complicated 
fabrications. The largest annealing furnace can take charges up to 200 tons. 

51. The Works is approved by Lloyd’s Register of Shipping as manufacturers of 
Class I pressure vessels. 

52. 'The second most Important fabricator is avesta jernverks aktiebolag, Avesta, 
which is a member of the Axel Johnson Group of Sweden, comprising some 20 large 
industrial enterprises all over the world. The group’s total annual turnover amounts to 
about £215M with a total number of employees of about 27,(XX). The group’s activities 
cover production of stainless steel, shipbuilding, heavy marine engineering, fabrication 
of stainless steel (150,000 tons per year), railway locomotives, general engineering 
contracting, etc. 

53. The Avesta works fabricate steel sheets and plates, welding electrodes, tubes, 
valves, dished heads, castings, forgings and pressure vessels. In this last field the main 
products are pressure storage tanks, towers and columns, some heat exchangers and 
dished ends. Pressure vessels are built in all high alloy and stainless steels, and the 
stretched steel technique is also used. The heavy fabrication shop has 450 employees. 
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54. Two Other enterprises of the Axel Johnson group also fabricate pressure vessels: 
AB HEDEMORA VERKSTADER, Hedemora, which produces diesel engines, pulp mill 
machinery and pressure vessels; and 

AB svENSKA MASKiNVERKEN, Kalhall, which fabricates complete steam genCTation 
plants, paper mill recovery units, firing units and marine boilers and heat exchangers 
and other equipment for the chemical industry. The company’s capital amounts to 
£440,000 and has 500 employees. 



55. Other significant companies fabricating pressure vessels are the following: 

AB A. EKSTROMS MASKINAFFAR, Floragatau 4, Stockholm 
Capital: £50,000 
Employees: 90 

Pressure vessel specialisation: heat exchangers. 

AB EVAPORATOR, Soderkoping 
Capital: £75,000 
Employees: 360 

Pressure vessel specialisation: heat exchangers, etc. 

AB GoTAVERKEN, Goteborg 8 
Capital: £5*7 million 
Employees: 6,000 

Activities: shipbuilding, ironfoundry, etc. Pressure vessel products: boilers, t anks 
and heat exchangers. 

AB ROSENBLADS PATENTER, Stockholm 
Capital: £75,000 
Employees: 120 

Activities: manufacturing of complete chemical plants and heat exchangers, con- 
tracting for industrial plant Migineering. Rosenblads works in association with the 
Alfa-Laval Group. However, Rosenblads manufacture primarily plate type heat 
exchangers. 

STAL-IAVAL TURBIN AB, Finspong 
Capital: £2-2 million 

Activities: manufacture of marine and land steam and gas turbines and heat ex- 
changers. 

AB THERMIA-VERKEN, Arvika 1 
Capital: £60,000 

Annual output: £2*0 million (includes all itans) 

Activities: pumps, heaters, compressors, heat exchan^rs and reactors. 



Swedish pressure vessel shop layout - examples of two fabricators 

56. The layout of the workshops of a large stainless steel fabricator in Sweden was 
very rational. There were three longitudinal bays across the top of which ran a fourth 
bay in which plate preparation, dished-end manufacture and pipe bending were 
carried out. The largest longitudinal bay was used for conventional pressure vessel 
manufacture; the centre bay included annealing furnaces and areas wha^e spwnal 
fabrications were made; the third bay was allocated to pipe production. 
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57. The works of a large mild steel fabricator in Sweden, on the other hand, was on a 
fairly congested site and had been built up during a number of years. The fabrication 
of pressure vessels was carried out in one large shop, whilst plate handling, pressing, 
and shaping were carried out in a separate workshop some distance away. The pressure 
vessel shop did not appear to be well planned, all machining was carried out in a separate 
area, and considerable movement of the pressure vessels during fabrication must have 
been necessary. The plate forming and bending shop appeared to be out-of-date, most 
of the equipment dating from the 1930’s. Steps were being taken to modernise this 
section. 



Fabricators in Japan 

58. Large integrated companies are considered individually in paragraphs 59 to 92. 

CHIYODA CHEMICAL ENGINEERING AND CONSTRUCTION CO., Chiyoda 
Building, No-3-3, 3-chome, Akasaka, Minato-ku, Tokyo 
Capital: $7-5 million 

59. Founded in 1948, Chiyoda has specialised in refinery and petrochemical plant 
fabrication and design and is one of the leading Japanese chemical contractors. It has 
2,370 employees of whom 646 are mechanical engineers, 285 chemical engineers, 83 
civil engineers, 91 electrical engineers, 40 instrument engineers and 15 metallurgists. 
Qualified scientists and engineers total 1,316, more than half the employment. The 
labour force include 60 welders, 40 Lloyd’s Class A. 

60. The pressure vessel product range includes all kinds of vessels up to 550 tons. All 
speciality heat exchangers, high-pressure vessels, distillery reactors and columns, 
rectifying, extracting and absorption towers, and all tanks. 

61 . Chiyoda’s main pressure vessel fabricating unit, the Kawasaki factory, is equipped 
to handle special metals — clad steel, high tensile steel, stainless steel, nickel, copper, 
titanium, monel, zirconium, aluminium and non-ferrous alloys. It is recognised by 
Lloyd’s for making Class I fusion welded pressure vessels, and by the American 
Petroleum Institute for storage tanks entitled to the API sign. 

62. Fabrication equipment at Kawasaki can handle plate 49' x 12' and 100 mm 
thickness. The largest single unit that has been handled measured 21' 5" diameter, 
131' 2" in length and weighed 150 tons. The pre-load pinch-type bending roller can cold 
roll plate 12' wide and 4" thick into a 6' inside diameter cylinder. T hi s roller can also 
form cones. There is a 1,500 ton hydraulic press that can deep draw 2" thick steel plate 
cold, 12" plate hot. A flanging machine can form end plate up to 7' diameter or flange 
21' ^ameter plates of 2^ thickness. Electro-slag welding machines can weld 2-12" 
plate in one pass. Union-melt machines are used for 2" thick seam welding in a single 
pass travelling at 5' per hour for a maximum of 23'. Inspection of welds in 20" thick 
plate is done by Betatron, but there are also four portable X-ray machines of 200-300 
KV, Isotope Cobalt 60 and Iridium 197. The annealing furnace measures 73' X 16' x 16' 
and can handle pieces of 150 tons. 

63. Maximum pressure vessel fabrication performances are as follows: 



Wall thickness 
Diameter 
Length 
Weight 



12 in 
21 ft 
148 ft 
550 tons 
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64. Chiyoda has its own construction ‘standards’ for the fabrication of pressure 
vessels and other process equipment based on the Japanese construction stan<^d and 
including modifications taken from such internationally recognised standards as API, 
ASTM, ASME, TEMA, BS and DIN. 



MITSUBISHI HEAVY INDUSTRIES, 6 Maraiiouchi, 2-chome, Chiyoda-ku, 
Tokyo 

65. Mitsubishi began as a shipbuilder and maker of prime moven; about a century 
and now four of their yards specialise in the engineering, fabrication and construction 
of chemical process plant — Kobe Shipyard and Engineering Works, Hiroshima Ship- 
yard and Engine Works, Mihara Machinery Works and Yokohama Shipyard and 
Engine Works. Issued corporated capital is S222M. To provide up-to-date know-how, 
Mitsubishi has established three technical Institutes at Nagasaki, Kobe and Hiroshima, 
and has three research organisations in addition at Mihara, Nagoya and Yokohama, 
each serving factories in those places. 

66. The pressure vessel product range includes forged or monobloc steel, BASF 
design multi-winding, and Coilayer, a multiple layer vessel. Typical reactors recently 
delivered include 150 ton, 141 mm thick, 24,830 mm long x 1,830 ram diameter 
(material was A-336 Gr. F22, A-240 T347) and Coilayer of 430 tons 180 ram thick, 
18,000 mm x 3,800 mm (material: A-204 C, HP -60 H). The Coilayer was currently 
offered as a hydrocracking reactor, but Mitsubishi also offered a Crawford & Russ^ 
design for high-viscosity reactions with mixer and wiper blades. 

67. A 450 ton ammonia reactor had just been delivered to Alaska said to be the 
largest yet made in Japan, but Mitsubishi can make a 600 ton vessel and are preparing 
capacity to make and handle 800 ton units. 

68. The following table shows the number of columns and reactors made by Mitsubishi 
in 1961-6: 



Year 


1961 


1962 


1963 


1964 


1965 


1966 


Columns 


21 


50 


67 


72 


75 


89 


Reactors 


57 


45 


68 


86 


70 


69 



69. Fabrication methods and equipment include the following: properties measured 
at ultra-low temperatures; overlay welding of dished ends (end plate); chemical 
equipment marufactured with the explosion vessel lining method ; 8,000 ton bending 
press; overlay welding of interior metal thickness measured by smeck gauge. The 
company is also a significant chemical contractor. 

MITSUI SHIPBUILDING AND ENGINEERING CO. (MitSUi ZoSCn), 2-9 Nishi 
Shimbashi 1-chome, Minato-ku, Tokyo 

70. The company’s diemical plant division, set up in 1938, realised a total tumovCT of 
S38M in 1965. The first pressure vessels were sold to Standard Vacuum in the Philippines 
in 1959. On 1st October 1967, Mitsui took over the assets of Fujinagata Shipbuildn^ 
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and Engineering Co., Osaka, and merged two research departments. Now Fujinagata 
will concentrate on plant design while Mitsui Zosen does the engineering and con- 
struction. Up to the time of the merger Mitsui Zosen employed about 10,000 people, 
with a R & D Department of 150, half of them graduates, in three separate laboratories, 
one of them now in Osaka. 

71. The chemical plant division which also plays the role of a contractor, has 
constructed all sorts of chemical plants, including petrochemical, synthetic fibre, 
synthetic resin, sulphuric and phosphoric acid, and other organic and inorganic plants. 
It enjoys a considerable captive market due to the Mitsui Group s chemical companies. 

72. The pressure vessel product range covers pressure vessels up to 200 tons with 
maximum wall thickness of 120 mm, ‘of all weldable materials with guaranteed purity, 
strengths and safety’. Use of clad steels, special alloys, alloy steels and titanium is 
possible for all large and complicated products. Layered pressure vessels are also built. 

73. The equipment includes thirty-four 3,000 ton hydraulic presses, twenty 79 x 3,000 
mm bending rollers, a 600 KVA induction heater, five 12 ton welding positioners, 
forty-five automatic welding machines (flash butt, unionmelt, fusarc, Lincoln, etc.), a 
seam welder and a spot welder, a 1 ,000 ton forging press, thirty-three annealing furnaces 
5 X 5 X 25 metres, twenty 300 KVP X-ray machines, two isotope devices, five ultra- 
sonic flaw detectors, two metal micro-photograph apparatus, etc. 

74. Annual production capacity is as follows: 

Chemical plants 27,000 tons 

Industrial machinery 1,000 tons 
Steel structures 22,000 tons 

Castings 9,000 tons 

Shipbuilding 1,250,000 Tdw 

MITSUI MIKE MACHINERY CO. (a member of the Mitsui Group), Mitsui 
Building, Nihoubashi Muromachi, Chuo-ku, Tokyo 
(Capital $2-8M; Employees: 2,400) 

75. The product range in chemical equipment includes: heat exchangers, tanks, 
reactors, towers, columns, etc. Other: mining, winding, construction, etc. machinery. 

HITACHI (engineering) LTD., 4 1-chome, Marunouchi, Chiyoda-ku, 
Tokyo 

(Capital S150M) 

76. Company results 1966: 

Turnover $1,367M 

Net income $50M 

Dividend 10 per cent 

77. Hitachi Ltd. have many subsidiaries such as Hitachi Construction, Hitachi 
Shipbuilding and Engineering, etc. Basic and applied research is conducted in Hitachi’s 
various research laboratori^ for plant construction and processes. Thare is also 
Babcock Hitachi K.K., a joint venture by Hitachi Ltd., and Babcock & Wilcox Ltd., 
England, one of the licensees of Babcock & Wilcox for the manufacture and sales of 
B & W filers. 
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78. Hitachi’s main field of experience are the following: acrylonitrile monomer, 
caprolactam, vinylacetate-polyvinyl alcohol, ammonia, styrene monomer, poly- 
ethylene, antibiotics, etc., plant and equipment. The company also operates as a 
chemical contractor. 

79. Plant and equipment are mainly fabricated by Hitachi Shipbuilding and Engin- 
eering, whose capital is $50M. The main centre of manufacture for chemical process 
equipment is the Kasado works, equipped to make vessels up to 700 tons, 6,000 mm 
diameter and 60 m long, covering ‘aU practical pressure and temperature ranges, using 
almost all alloys which can be used for the chemical industry’. Maximum plate thickn^s 
is 250 mm. 

80. The main equipment includes: 

8.000 ton moulding press 

500 ton ann ealing furnace 

500 ton crane 

25 metre pit 

2.000 kilovolt X-ray inspection device 

14,000 kg/cm^ pressure-testing device. 

8 1 . The main products include : 

Converter and high pressure separator for ammonia, ucea, methanol, etc.; 
High-temperature, hi^-pressure reactor for synthetic resin plants; 

Ultra hig^i-pressure reactor and separator for high-pressure polyethylene plant; 
Reactor, large drum and tower for petroleum refinery plant; 

Spherical tank for high-pressure gas; 

Boiler drum for thermal power plant; 

Pressure vessel for nuclear power plants; 

Multi-layered testing vessel with design pressure of 1,800 kg/cm^, 

SUMITOMO MACHINERY CO., 6 2-chome, Nishi-Nagasu-Hondoii, Amaga- 
saki City 

82. Sumitomo Machinery is, together with Sumitomo Chemical Engineering and 
Sumitomo Chemical Co., part of the Sumitomo Industrial Group. Sumitomo Machin- 
ery’s capital amounts to $16M. Product ranges includes cranes and material handling 
equipment, mintng machinery, machinery for steel mills, and process plant for chemical 
industries, especially heat exchangers. TTie Sumitomo Group works in dose technical 
co-operation with BASF (Badische Anilin), the Federal Republic of Germany and 
M. W. Kellogg Co., USA. 

ISHIKAWAJIMA - HARIMA HEAVY INDUSTRIES, New Ohtemachi Building, 
2-chome, 4, Ohtemachi, Chiyoda-ku, Tokyo 

(Capital: S667M; Employees: 24,000) 

83. IHI was established in 1960 with the amalgamation of Ishikawajima Heavy 
Industries Co., and Harima Shipbuilding and Engineering Co. The total number of 
employees was then 16,000. 

84. The following table gives data on IHl’s development and structure of sales since 
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(million yois) 





1961 


1962 


1963 


1964 


1965 


Shipbuilding 


20,890 


27,234 


47,018 


42,612 


71,747 


Ship-repairing 

Iron and steel manufacturing and 
metalworking, machinery, 


2,996 


4,607 


3,082 


5,168 


6,224 


chemical machinery 

Cargo handling equipment steel 


18,076 


10,246 


7,605 


21,886 


20,000 


structures 


10,158 


9,616 


5,842 


12,668 


9,934 


Boilers 


7,372 


7,481 


7,972 


4,760 


7,878 


Machinery for marine use 


912 


2,007 


1,327 


4,177 


3,657 


Aircraft engines 
Mass-produced machinery and 


825 


6,585 


10,000 


10,844 


2,895 


others 


5,882 


6,551 


7,723 


11,087 


14,945 


TOTAL 


67,111 


74,327 

(+10*8%) 


90,569 

(4-21-9%) 


113,202 

(-4-25-0%) 


137,370 

(+21-8%) 



Source: Japan Chemical Quarterly 



85. Total sales of pressure vessels, towers, columns and oil tanks amounted to $39 * 5M 
in 1965. IHI export 40 per cant of their production, mainl y to Europe, the USA, 
South and Middle-East, Communist countries including China, Latin America and 
Australia. 

86. Pressure vessels are fabricated in Tokyo (No. 3) Works, together with turbines, 
castings, chemical plants, etc., and the Aioi Shipyards’ (No. 2) Works, together with 
diesel engines, marine boilers, chemical plants, etc. Current pressure vessel products 
are offered up to a 210 mm plate thickness of 10-11 m diameter and 31m long. Prac- 
tically all pressure and process temperatures are accepted. On special order, reactors 
with a wall thidmess of 15'7” and a diameter of 26' are fabricated. 

KAWASAKI STEEL CORP., 1 Kitahonmachi-dori, 1-chome, Fukiai-ku, 
Kobe 

(Capital: S76M; Employees; 32, (XX)) 



87. The product range includes: high tensile strength, galvanised and stainless steel 
plate, etc. Heat exchangers, high-pressure vessels and head plates in the following gauge 
and size: 



Types 


Thickness 

(mm) 


Inside diameter 
(mm) 


Steel grades 


Dish 


3-2 to 70 


400 - 6,000 


All available in SS grade, SB 


Flat 


3-2 - 70 


400 - 5,800 


grade, stainless, stainless clad. 


Hat 


3-2-40 


400 - 5,800 


speciail and high tensile steels 


Elevated bottom 


3-2 - 40 


400 - 5,000 




Conical 


3-2 - 70 


400 - 5,800 




Flange 


3-2 - 70 


400-5,800 




Jacket 


3-2 - 70 


400 - 5,800 




Globe 


3-2 - 50 


1,000 and over 
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KOBE STEEL, 36 1-chome, Wakihama-cho, Fukiai-ku, Kobe 

88. Kobe steel consists of 41 main manufacturing divisions. The machinery division 
has a large section for the manufacture of industrial machinery and equipment. All 
industrial divisions and sections of Kobe use the company’s own products as raw 
materials. Kobe chemical equipment include high-pressure vessels, etc. Kobe co- 
operates permanently with the Chemical Construction Corporation of USA, Japan Gas 
Chemical Industries, and Sumitomo Chemical Co. 

JAPAN STEEL WORKS LTD., Hibiya-Mitsui Building, 12-Banchi, 1-ohome, 
Yurakucho, Chiyoda-ku, Tokyo 



89. Japan Steel Works seem to be the country’s leading pressure vessel constructor. 
Using its own steels, the company fabricates practically all sorts of pressure vessels for 
every industrial process, examples of which are given in the following table: 



Product 


Weight 

tons 


Length 


Thickness 


Material 


Other features 


500 tpd ammonia 
converter 


180 


- 


20 cm 


A302B, welded 
forge 


- 


H-oil reactor 


600 


25 m 


20 cm 


Tensile strength 
100,000 psig 


multilayer 


Hydro-cracking 

reactor 


330 


25 m 


22 cm 


Forging with 
stainless steel 
overlay 


exported to Iran 
in 70-ton sections 


Hydro-cracking 

reactor 


560 


25 m 


20 cm 




exported to 
Kuwait 



90. Examples of dimensions of finished products (high-pressure vessels) at working 
pressure 300-350 atm are as follows: 



Type 


Both ends screwed and shrunk- 
fitted flange bolted flat cover 


One end solid flange with bolted 
flat cover. Other end self- 
locking closure 


Inside diameter 


900 mm 


1,000 mm 


1,100 mm 


900 mm 


1,000 mm 


1,100 mm 




(35-4") 


(39-40 


(43-3') 


(35-4') 


(39-4') 


(43-3') 


Total length 


18,000 mm 


17,500 mm 


13,800 mm 


17,500 ram 


16,500 mm 


13,500 mm 




(7090 


(689-) 


(543") 


(689') 


(6500 


(531') 


Capacity 


1 1 • 4 m3 


13-0 m3 


13-2 m3 


ll-0m3 


12-0 m3 


12-8 m3 




(403 ft-’) 


(459 ft3) 


(466 ft’) 


(388 ft3) 


(424 ft3) 


(452 ft’) 



Source: Japan Steel Works 



91. Present maximum range of pressure vessels fabricated by Japan Steel Works 
contains all sizes up to 660 tons, with a maximum diameter of 224". 

92. The only data available on equipment are the following: 

600-ton crane 

10,000-ton hydraulic press 
Betatron inspection equipment 
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93. Other significant pressure vessel fabricators are given in Table H(6). 

TABLE H(6) 

Significant Japanese pressure ve^l fabricators 



Name of company 


Capital 
US §M 


Product range 


Pressure vessel 
specialisation 


Daiki Eng. 


- 


Machinery and plant for 
chemical industry 


H-PV, lined with stainless 
steel, etc. 


Fuji Car Mfg. 


3*5 


Rolling stock, chemical 
equipment, etc. 


H-PV of various kinds 


Hirakawa Iron Wks. 


— 


B, PV, T, etc. 


— 


Hirano Iron Works 


0*5 


Chemical equipment 


B for marine use, HE, PV 


Hisaka Works 


0*8 


Pumps and chemical equip- 
ment 


HE 


Hokkai Iron Works 


— 


Tanks, forgings, etc. 


H-PV, HE, T: Dished and 
flanged type heads 


Ishi Iron Works 


3-0 


Forgings, refining plants, 
etc. 


HE, etc. 


Kawasaki Rolling 
Stock Mfg- 


6-1 


Rolling stock, milling 
machines, machinery for 
chemical and textile indus- 
try 


H-PV 


Kotobuki Industry 


10 


Machine tools, milling 
machines 


HE 


Nihon Joryu Kogyo 


0-5 


Chemical equipment 


HE 


Nippon Kokan 
K^ushiki 


230 '0 


Iron and steel, tubes, sheets, 
coal chemicals, fertilizers, 
shipbuilding, all industrial 
plants, etc. 


PV. H-PV 


Nihon Kentetsu 


2-8 


Construction metal produc- 
tion; electric machinery, etc. 


HE, etc. 


Nippon Sharyo 
Shizo Kaisha 


6-2 


Rolling stock, construction 
and mining, chemical equip- 
ment 


H-PV, forgings 


Nisso Steel Mfg. 


8-4 


Iron and steel machinery 


HE 


Osaka Boiler Mfg. 


— 


Marine boilers 


PV 


Oye CSiemical Mach. 


I-O 


Chemical equipment, pumps. 


PV, HE, T : stainless steel 


& Equipment 




etc. 


titanium 


Sasakura Eng. & 
Mach. 


0-3 


Distillation plants, etc. 


HE 


Takao Iron Works 


0-2 


All kinds of land boilers 


HE,PV 


Takuma Boiler Mfg- 


4-0 


Water purification plants; 
chemical industry machinery, 
conveyors 


HE,B 


Tamagava Metal & 
Machinery 


2-8 


Metal sheets, stainless tubes, 
pipes, die casting, chemical 
equipment 


HE 


Tokyo Qhemical 
Engineering 


0-3 


Sugar refining plants; oil 
and fat plants 


HE 


Yokohama F.ng, Co. 


2-8 


All kinds of boilers 





Uraga Heavy 
Industries 


18-0 


Ships, prime movers, pneu- 
matic, hydraulic chemical 
equipment 


PV, HE 



Note: PV —pressure vessels 

H-PV = High^ressure vessels 
B =3^ boilers 

HE — heat exchangers 

T = tanks 
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94. Although no data on equipment could be obtained for pressure vessel fabricators 
listed in Table H(6), it is estimated that most of them are capable of making vessels of 
100 tons. Many in this group of fabricators are in reality either specialised divisions of 
large companies, more or less integrated, or belong to significant company groups. 



The position of the Mitsui, Mitsubishi and Sumitomo groups 

95. The position of three giants of the Japanese industry — ^the Mitsui, Mitsubishi and 
Sumitomo groups — ^is given separate consideration. These three groups, together with 
groups headed by the Industrial Bank of Japan, the Fuji Bank and the Dai-Ichi Bank, 
have in their hands 62 per cent of the Japanese mining industry, and 76% and 65 % of 
the country’s metallurgical and mechanical industries respectively. 



Activity 


Mitsui 
per cent 


Mitsubishi 
per cent 


Sumitomo 

percent 


HEAVY AND CHEMICAL INDUSTRIES 


30-4 


54-0 


62-5 


of which: shipbuilding 


50 


24-3 





metallurgy and mechanical 


7-7 


16-9 


470 


chemical industry 


18-1 


12-9 


15*5 


FINANCE (banking and insurance) 


14-6 


12-9 


15-8 


OTHER ACTrvrrxES (industrial and service) 


55-0 


33-1 


21-7 


TOTAL 


100-0 


100-0 


100-0 



Source: Oriental Economist 



96. The type of integration within the three groups is mainly financial — as generally 
in most sectors of Japanese industry. The extent to which the capital of the groups’ 
main enterprises is held within each group illustrates as follows the financial charactw 
of their integration. 



97. The rate of group’s holding, ie per cent of capital of the principal iriCTiber com- 
panies held by each group: 





Mitsui 


Mitsubishi 


Sumitomo 


No of enterprises in each group 


20 


22 


14 


Rate of holding by group (%) 


15-6 


21-7 


27-2 



98. The role of the country’s main banks and other financial institutions is very 
important: their share in the total participations of the three groups is the following: 
Mitsui 60 • 4 per cent 

Mitsubishi 71*0 per cent 

Sumitomo 48 * 5 pCT cent 

Recent development shows, however, a tendaicy towards a greater independence with 
regard to the banks and also to the Bank of Japan. 
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Need for customs and other statistical data on pressure 
vessels 



1. The absence of statistical information on various economic aspects of the vessel 
industry became apparent at early meetings of the Committee of Enquiry. Two examples 
are given in the present Appendix whereby improvements in the availability of statistical 
data either have occurred (the customs data) or are recommended (the trade journal 
data). 

2. The first example related to the absence of detailed customs data on the import 
levels of pressure vessels and similar fabrications. The Custom and Excise import and 
export statistics had been improved as from January 1968 by the introduction of new 
statistical headings to cover heat exchangers, process pressure vessels (including 
distillation columns and reactor vessels) for mineral oil refining and process pressure 
vessels for other purposes. As a result it could now be stated that there is adequate 
information on imports and exports in respect of pressure and other vessels. 

3. The second example related to the lack of adequate data either on past UK invest- 
ment in chemical plant or on UK fabrication output. It is believed that up to 1967 the 
only sources of information available on investments were : 

(1) the Board of Trade estimates for capital expenditures at industry level; 

(2) the Chemical Industries Association survey of chemical investment at aggregate 
level; 

(3) the Chemical Age survey of the chemical industry and of contractors’ activity 
at chemical sub-sector level. 

4. These sources could be improved to give the following data: 

(1) the distribution of capital expenditure by: 

(a) hardware or equipment expenditures; 

(b) plant-erection or site expenditures; 

(2) the breakdown of the chemical industry figures to sub-sector levels; 

(3) the collation of information relevant to capital sanctions and the ensuing time 
distribution of capital expenditures (ie expenditure data should give some indication 
as to the sanction data from which it arose, as well as the timing at wdiich the ex- 
penditure fell); 

(4) the collation of information relevant to contractors’ activity on a yearly basis at 
sub-sector level. Background data concerned with contractors’ mark-ups and pay- 
ment schedules between contractor, final user and equipment supplier (timing and 
percentage of total costs) mi^t also be provided if possible. 
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5. The information existing in 1967 was considered to be unreliable. The methods of 
data collation as well as the data collected could be considerably improved to supply 
the above disaggregated information. For example, the valuable records of plants 
constructed as compiled by Chemical Age could be improved further. Chemical Age 
received armual returns direct from contractors and manufacturers ; this represented an 
important set of data because it is essentially ‘primary data’. The various investment 
data published in Chemical Age might be defined more accurately, so that a very 
accurate description could be given to all items included in the investment data. Thus 
work in hand as published could mean either orders received during one year or all 
orders in hand including those still-in-hand and carried forward from the previous 
year(s). The possibility of double accounting and other sources of error were evident 
with present arrangements. 

6. At the same time, fabricators’ or equipment suppliers’ information might be 
considerably improved. 
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The position of the UK pressure vessel industry during 
1967 



1 . During the spring and summer of 1 967 the Committee became very concerned that 
the level of new orders coming into the pressure vessel industry was then disturbingly 
low. They drew the attention of the Minister of Technology to this in a letter dated 
20th June, 1967. They recounted that up to the end of 1966 the industry had passed 
through a period of unprecedented demand arising from the chemical industry, the gas 
boards, the electricity boards, the oil refining industry and others. The demand in all of 
these industries appeared to have decreased simultaneously so that many fabricators’ 
works were desperately short of orders. 



2. As a result of this letter, representatives of the Committee met the then Joint 
Parliamentary Secretary (Mr. E. Dell, MP) in July, 1967 and presented the following 
observations: 

(a) The Mechanical Engineering EDC short-term trend report for May 1967 reflected 
the down-turn in new orders in the process plant, boiler and pressure vessel industries ; 

(b) Information obtained from BCECA, of contracts to be awarded for process and 
other plant in the near future, indicated a similar trend. A single major chemical 
company only planned capital expenditure in 1967 at about half the level of its 
capital expenditure in 1966; 

(c) Data obtained from TIPA gave figures for reduced order-book intake into 
pressure vessel shops, by direct contact with 1 3 member companies representing 22 % 
of UK shop-built pressure vessel output; 

(d) Evidence was given of the pronounced cyclic variation in the loading of the 
pressure vessel industry, including information on the demand and supply of dished 
ends from a major dished-end manufacturer as shown in Fig. H(l); 

(e) An interval of 6 months or so commonly occurred between the placing of orders 
for the main plant and the arrival of work on the fabrication shop floor. This affected 
greatly the validity of some of the then contemporary estimates of shop loading in 
the pressure vessel industry. 



3. A number of suggestions for actions to alleviate the situation were made at the 
meeting in July and during subsequent correspondence. However, during August and 
September the Committee received further reports of continuing and increasing diffi- 
culties due to low order-intake in the pressure vessel industry, including further reports 
of laying off labour. The down-turn of new orders on fabricated steelwork including 
pressure vessels was emphasised in the Mechanical Engineering EDC short-term trend 
report of August 1967. In view of these reports, a further meeting was arranged between 
representatives of the Committee and the appropriate Joint Parliamentary Secretary, 
who then was Dr. J. Bray, M.P. At this meeting (9th November 1967) various possible 
remedial actions were discussed. 
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Fig. H(1). Demand and supply curves for dished and flanged ends from one UK manufacturer 
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Limitations on size and weight for road and other 
transport 



1. It is likely that as the average size of chemical plants and oil refineries continues to 
increase in the future, so will the average size and weight of pressure vessels. 

2. Oil refineries may require pressure vessels in the future between 350 and 450 tons 
in weight and with 10 inch wall thicknesses. (Tentative estimates in the growth in weight 
of transformers would raise the present maximum weight from 300 tons to 400 tons 
in 10 years time and 450 tons in 20 years time). 

3. In para. 3.15 of Appendix F is given a table of the number of UK fabricators (with 
shopbuilt pressure vessel outputs greater than £0-2M in 1966) that can build vessels 
within certain maximum weight ranges. A summary table is given here for reference: 



4. From this table it may be seen that 15 fabricators in the UK (with shopbuilt 
pressure vessel outputs greater than £0*2M in 1966) can build vessels with a weight 
over 100 tons, and 3 fabricators vessels with a weight over 300 tons. 

5. Transport costs for pressure vessels as a percentage of value per ton (about 10%) 
are considerably hi^er than those for other classes of engineering goods such as 
transformers. Pressure vessels (excluding those in stainless and other special steels) sell 
for approximately £100 to £400 per ton, whereas transformers sell for approximately 
£1,000 to £1,500 per ton. 

6. Pressure vessels may be transported by rail where the maximum height or width 
does not exceed 14 ft; it is usually recommended that long, thin vessels over 90 ft in 
length be carried by rail. 

7. For purposes of carriage by road, the Ministry of Transport has classified loads 
according to the following: 

(a) Divisible Loads, Gross Vehicle Weight up to 32 tons; 

(b) Indivisible and Abnormal Indivisible Loads, Gross Weight up to 150 tons; 

(c) Special Permission: Ministry of Transport, Gross Weight up to 300 tons; 

{Note: there are two roads in the UK with a maximum weight limit up to 300 tor^) 



Maximum weight of 
vessel that can be built 



Number of UK 
fabricators 



101-150 tons 
151-200 tons 
201-300 tons 



300-f tons 



5 

5 

2 

3 
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8. Id respect of divisible loads, the maximum permitted weights and dimensions for 
road vehicles used for the carriage of nomml divisible goods are laid down in the Motor 
Vehicles (Construction and Use) Regulations 1966, as amended. Briefly they are as 
follows — the recently altered articulated vehicle and draw-bar trailer length being 
effective from 8th April, 1968: 



Maximum 

dimension 


Articulated 

vehicles 


Rigid 

vehicles 


Trailers 

(but not trailers 
forming part of 
articulated 
vehides) 


Gross weight 


32 tons 


28 tons 


28 tons 


A«le weight 


10 tons 


10 tons 


10 tons 


Wheel weight 


5 tons 


5 tons 


5 tons 


Length 


15 metres 


11 metres 


12 metres 


Width 


2-5 metres 


2*5 metres 


2*5 metres 



Rigid vehicIeltraiUr combination maximum: Gross 32 tons 

Length 18 metres 



9. The overall width of a divisible load must not exceed 9 feet 6 inch^, while length 
is generally limited to the platform length of the vehicle although loads are permitted 
to overhang both to the front and rear but specified conditions must be complied wdth 
when this exceeds a few feet. Weights and dimensions shown are in some cases subject 
to conditions specified in the Regulations. 

10. Certain loads, and some large pressure vessels are among these, which cannot 
without imdue expense or risk of damage be divided into two or more loads and which 
cannot be carried on a vehicle complying with the Construction and Use Regulations 
(ie ‘indivisible loads’ and ‘abnormal indivisible loads’) are permitted to exceed the 
above rri flxitna but are subject to the conditions and restrictions of the Motor Vehicles 
(Authorisation of Special Types) General Order 1966. The maxima here are length 
90 ft, width 14 ft and gross weight 150 tons. 

1 1 . When the maxima in para 1 0 are exceeded, and also whai the width exceeds 1 4 feet, 
special permission is required from the Ministry of Transport. This is only granted if a 
suitable route is available and the Ministry is satisfied that no othCT form of transport 
is practicable. There is no statutory limi t on the height at which a load can be moved by 
road. The limits on height are physical ones imposed by overbridges (new bridges are 
normally constructed with a 16' 6' minimum clearance), overhead cables and similar 
obstructions. 

12. The Ministry of Transport has been asked by industry to increase some of the 
maximum weight limi ts in the Construction and Use Regulations. Such inCTeases 
would raise problems particularly in relation to bridge strength. Muiistry of Transport 
bridge engineers have been working on a reassessment of luidge strengths and once 
this work has been completed the Ministry would be reviewing the weight limits 
generally. 

13. The National Ports Coundl set up in 1967 a ‘Working Party on the Movement of 
Heavy Indivisible Loads’ to examine present methods of moving abnormal loads through 
the points of exit and entry in the UK, including improved road access and heavy lift 
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facilities at ports, dockyards and shipyards. For purposes of the survey on lifting 
facilities carried out by the Working Party, an abnormal load is not less than: 

90 toiK weight net, or 
90 ft length external, or 
14 ft width external, or 
14 ft height external 

14. It is noted in the Economic Survey (Appendix F to tliis Report) that Japan had 
already built pressure vessels of 600 tons weight. This was achieved by building the 
vessels on the seaboard on sites normally used for constructing ships. On-loading the 
vessel to a ship presented no undue problem with the availability of floating cranes with 
between 500-1,000 tons lifting capacity. It is possible that vessels weighing over 300 
tons (excluding site-built vessels) in the UK may most conveniently be built on the 
seaboard rather than inland. 



278 



Printed image digitised by the University of Southampton Library Digitisation Unit 



APPENDIX K 

Aids to exporters 



1. One of the major findings of the economic survey was the forecast that the UK 
home demand for pressure vessels will probably not exceed that in 1966 during the 
next decade, and the conclusion was drawn that for the UK pressure vessel industry 
to expand output in the future it would need to sell more pressure vessels abroad. The 
two routes to overseas sales are either direct sales from the fabricator to the final user 
or contractor abroad, or indirect sales by selling to the UK contractor for inclusion in a 
‘package plant’ overseas. In 1966 direct sales were about 20% of total exports while 
indirect sales were 80% of total exports. 

2. Whilst many reasons may be forwarded or excuses proposed as to why a greater 
amount of vessels were not exported (direct or indirect) one reason which may not be so 
forwarded is lack of knowledge of export facilities and procedures. There is an abund- 
ance of guidance on exporting available in the UK, and several of the more important 
examples are given in this appendix to illustrate this fact. 

3. The Board of Trade has published several export handbooks describing fully the 
facilities they can offer to those wishing to promote their products in the export market. 
Export Handbook No. 1 ‘Services for British Exporters’ details the various parts of the 
Board of Trade, under the general heading Export Intelligence, that can provide 
valuable help. These include the Export Services Branch (market assessments, specific 
sales opportunities, the journals ‘Export Service Bulletin’ and ‘Board of Trade Journal’, 
tariff and import regulations, sales agents abroad, commercial standing of companies 
overseas, overseas business visits, export partnerships); the Statistics and Market 
Intelligence Library; Overseas Trade Fairs Directorate; Overseas Publicity, etc. 

4. The Export Handbook No. 2 ‘ECGD Credit Insurance and Financial Support 
Services’ describes in detail the facilities for credit insurance available from the Export 
Credits Guarantee Department. The services provided by ECGD include consideration 
of the amount of credits available and their terms, interest rates and durations, as well 
as the methods of selecting those deals on which credit insurance would be granted. 

5. The Export Handbook No. 3 ‘Organisation for Overseas Marketing’ describes how 
UK companies may reorganise so as to become ‘export-orientated’. 

6. In summary, the Board of Trade’s Export Intelligence services provide a great deal 
of help for exporters, much of it free. This includes: 

Guidance on individual export problems 

Information on the most likely markets for products overseas 

Introductions to potential agents and buyers 

Help with overseas business visits 

Status reports on foreign companies 

Information on tariff and import regulations 

Details of ovemeas contracts out for taider 
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Help and advise on participating in trade fairs overseas 
Assistance in finding licensees to manufacture products abroad 
Information on how to market and publicise products abroad 

7. The Central Office of Information (COI) may provide help with its world-wide 
publicity network available through Embassies, High Commissions and other similar 
posts abroad. The COI may prepare and distribute material in professional format to 
the press, radio, television and cinemas overseas. 

8. The BBC External Services broadcast throughout the world, and an important part 
of their output deals with developments in British industry, science and technology. 

9. The British National Export Council (BNEC) provides overseas facilities for 
bringing trade opportunities to the notice of exporters ; for seeking new openings for 
the sale of British goods and services; and for encouraging and supporting organisa- 
tions able to foster a favourable climate for British exports. Furthermore, substantial 
financial aid (50%) is available for both inward trade missions (foreign buyers visiting 
the UK) and outward trade missions (UK sellers visiting overseas). Full information 
is available, together with much useful advice on trading abroad, in their booklet 
‘Trade Missions — Do’s and Don’ts*. 

10. HM Customs and Excise can help with certain specialised aspects, such as relief 
from duties paid for imported goods used ultimately for re-export, and other aspects. 

11. The Market Research Society can provide a list of its members* organisations in 
the UK who can carry out market research surveys for various markets at home and 
abroad. 

12. The Confederation of British Industry (CBI) has a CBI Overseas Directorate 
which maintains a network of contacts abroad to maintain the flow of inward marketing 
and other information; all this is publicised regularly in its ‘Overseas Trade Bulletin*. 
There are also various Committees dealing with policy matters on: Overseas (General); 
Overseas Investment; and Export Credits. 

1 3. The British Export Houses Association can provide information on the specialised 
exporting services available from the various specialist UK export houses. 

14. Export education is available from local authorities and independent bodies, 
including the Institute of Export. 

15. Export clubs are in existence throu^out the country, and are informal associa- 
tions of local manufacturers for the exchange of advice and experience on overseas 
markets and export procedures and co-operative exercises in trade missions and over- 
seas exhibitions (information on these from Board of Trade). 

16. Direct financial incentives specifically for exports are: 

(a) Help with overseas trade promotions (through Board of Trade) for: 

Joint Venture Scheme for exhibits at specialised fairs or in specialised sections at 
general fairs; 

British pavilions at some international trade fairs; 

AU-British trade fairs showing only British products; 
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(b) Cooperative advertising scheme (through Board of Trade) for companies using 
paid advertising for overseas trade promotions; 

(c) Trade missions (through BNEQ for aid towards both ‘inward’ and ‘outward’ 
trade missions; 

(d) Market research (through BNEC) for aid towards market research surveys 
overseas; 

(e) Aid for directories (through BNEQ for aid towards foreign trade directories 
and buyer’s guides ; 

(f) Drawback and other schemes concerning duties on certain imported goods and 
materials used in the export trade (through HM Customs and Excise). 

17. The Technical Help to Exporters Section (THE) of the BSI is organised to provide 
comprehensive technical help to exporting manufacturers. Part of this service is pro- 
vided by the Technical Digests and part by assistance to individual nmnufacturers on 
their specific problems. Technical Digests relating to design standards, statutory 
requirements, inspection and approval procedures, are available for the following 
countries: Belgium, France, Federal Republic of Germany, Holland, Italy, Republic of 
Ireland, Luxembourg, Norway, Portugal, Sweden and Spain. Another dozen digests 
are in preparation or in print. THE also has copies of the original design standards of 
most foreign countries, including in many cases translations into English of these 
foreign standards. 

18, There are also many articles in the technical, commercial and industrial press on 
hints towards sales success on export markets. For example, Elliott Flight Automation 
have published their successful selling methods (on selling in the very competitive USA 
defence systems market) in ‘Flight International’ of 29th February, 1968. 
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Surveys on materials and steel supply: summary report 



Part I. Questionnaire to the fabricators 

1. The subject of materials used in the manufacture of pressure vessels was one of the 
topics raised in the response to the General Enquiry Letter circulated in February 1967 
(See Appendix E). It was considered that many of the comments received were of a 
generalised nature and that further evidence should be sought. Accordingly, a question- 
naire was prepared to obtain specific answers to a series of direct questions and this was 
circulated to the appropriate Trade Associations who arranged for their members to 
receive copies. Altogether 26 fabricators and trade associations responded to the 
questionnaire. The ‘Questionnaire on Materials for Pressure Vessels’ is attached at 
Annex A to this Appendix. 

2. The following analysis is given of the replies to the questionnaire. No attempt has 
been made to weigh the various respondents’ views in terms of company output or any 
other factor. These are, however, taken into account in the discussion of the results of 
the questionnaire in Chapter 8 of the Report. 



RATIONALISATION OF STEEL STANDARDS {Question 1) 

3. An analysis of the replies to Question 1 reveals that 26% of the respondents felt 
that the new standards, including those in draft form, now provide the rational series 
that had been sought. A further 50%, whilst accepting that the new standards repre- 
sented a major step forward in rationalisation, pointed out gaps in these standards, 
eg proprietary steels, low alloy steels, stainless steels and special steels such as 9% Ni’ 
Hi-proof stainless and stainless maraging. There was also criticism of the length of 
time taken to produce standards and that these did not appear sufficiently quickly after 
the introduction of a new material. The remaining 24% felt the situation was un- 
satisfactory for a variety of reasons, eg general confusion existing at the moment 
regarding BS 1501-1506, absence of reliable stress data in the standards, difficulty in 
understanding the system of nomenclature covering the austenitic stainless steels, 
differences existing between the standards which specify pressure vessel material and 
those that specify material for high pressure pipe assemblies. 



CHEMICAL COMPOSITION (Question 2) 

Carbon and Manganese 

4. Approximately 60% of the respondents considered that the C and Mn content 
ranges in the various spedfications were generally satisfactory and that it was more 
important to stabilise the mechanical properties of the material over a range of section 
sizes. However, 30% felt that the composition ranges should be more closely controlled 
in order to define welding and hardening procedures with more precision. An interesting 
observation from a major fabricator was that the specifying of composition on the basis 
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of maximum values for individual elements was unsatisfactory taken in isolation. 
Segregation effects within casts, as well as cast to cast variation, lead to situations where 
welding techniques must be stipulated which cater for the worst case and hence are 
uneconomic in material usage. Specifications should be based on ladle and check 
analysis together with statistical or other information related to actual composition 
limits for each specification and product form. This information should be supplied by 
steelmakers as part of the normal technical sales service which any buyer had the right 
to obtain. 

Sulphur and phosphorous content 

5. 30% of the respondents considered that the present levels of S & P were acceptable; 
the remaining, however, wanted a reduction to a figure ranging from 0- 01 5 % to 0 ■ 04 %. 
There was also a suggestion that a minimum sulphur content be specified to avoid 
increased susceptibility to hydrogen cracking. 

Trace elements 

6. There was a general feeling that existing specifications adequately specified trace 
elements, although there was a qualification that if a maximum carbon equivalent was 
included in the specification this would be an additional safeguard against an unduly 
high content of elements like Ni, Cr and Mo. 



STEEL AVAILABILITY {Question 3) 

Availability of special steels 

7. 70% of the respondents considered that there were delivery difficulties with special 
steels; the complaints being confined largely to stainless clad and 9% Ni plate and to 
plates with special features of thickness, width or total weight. 

Availability of standard steels 

8. 55 % of respondents considered that there were delivery difficulties with standard 
steels and to an extent this varied with industrial activity. There was a complaint that 
steels available ex-stock were not usually fully certified and that certification involved 
long delivery and an extra charge. A frustrating source of delay was that when a single 
plate in a batch was rejected a replacement took a long time to obtain. 

Range of British steels 

9. 70% of the respondents considered that the range was adequate providing pro- 
prietary steels were taken into account; there was general welcome for the progress 
being made in extending the scope of BS to cover proprietary steels. There was com- 
plaint, however, of the price differential in respect of exported steel which benefited 
foreign fabricators in competition with British fabricators. 



CLEANLINESS (Question 4) 

Cleanliness and laminations 

10. Of the 26 organisations questioned only one stated that the standard of cleanliness 
was adequate for its purposes. 50% registered major complaints covering laminations, 
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poor surface finish and cracks and 45 % suffered intermittent prob to in the same ^eas 
Two respondents had experience of foreign steels ; one considered that the surface finish 
of plates from Continental makers was generally superior to that of plates from their 
British counterparts whilst the other considered that experience with British and forei^ 
steels was essentially similar. There was also criticism of the limited capacity available 
for electric furnace or vacuum degassed steels, both of these processes producing 
cleaner steel. 



Ultrasonic testing 

11. Only 10% of the respondents specified ultrasonically tested plates from the steel 
supplier; the remainder carried out their own ultrasonic inspection unless the ci^tomer 
specifically requested mill testing. The increase in price of plate by 20% for null testing 
was considered a high premium for ultrasonic inspection. There was m general little 
difficulty in interpreting the results of ultrasonic inspection, but there was a need for a 
British Standard based on a closer grid pattern than the HSA specification. 



NON-STANDARD STEELS AND SPECIAL EEATURES {Question 5) 



Foreign specifications 

12. 60% of the respondents considered that British steelmakers were reluctant to 
accept orders to foreign specifications for small quantities of steel; it being appreciated 
that quantities less than a complete melt were economically unattractive to the steel- 
makers. It was nevertheless felt that the extra charge in some cases was exhorbitant. 

Ultrasonic testing 

13. Tho-e was a consistent complaint throughout the submissions of the 20 % premium 
charged for ultrasonic inspection to ensure that the steel had an adequate standard of 
cleanliness. This was seen in marked contrast to foreign practice, particularly in the 
Federal Republic of Germany and Japan where special plate steels are vacuum degassed 
and ulttasonically tested without this high premium. 

Impact testing 

14. There was some comment (from 4 organisations) about the extra chmge for 
impact tests and the point was made that in most cases the Continental price was 
inclusive of the tests specified in the standard. 



STEEL PROPERTY DATA {Question 6) 

15. It was difiicult to quantify the information given in the replies from the 18 organ- 
isations which responded to this question. To the extent to which any gaps in the data 
have been identified they are summarised as follows; 

(a) Elevated temperature proof stress properties in the temperature range 50-250°C; 

(b) Elevated temperature property data for low alloy steels; 

(c) Elevated temperature property data for austenitic steels; 

(d) Elevated temperature property data for specific component forms (ie very thick 
plates, forgings, pipes). 
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SPECmCATION OF MINIMUM PROPERTY LEVELS {QlKStion 7) 

16. If a high confidence level is used in assessing minim um values, then these will be 
lower than published Continental values. However, these accurate values should allow 
lower safety factors to be used. Alternatively, if the current safety factors are to be 
maintained, then it is necessary to lower the confidence level of the minimum property 
in order to get design stresses comparable with Continental practice. Question 7 asked 
whether lower confidence levels or lower safety factors were preferred. Since this is a 
highly technical question simple answers which could easily be summarised were not 
to be expected. To the extent that a preference has been given between these two 
alternatives, the following summary is given : 

Respondents preferring a reduction in safety factor . 4 

Respondents opposing a reduction in safety factor . . 6 

Total number of respondents to this question ... 17 

17. Of the respondents opposing a reduction in safety factor, three had no alternative 
suggestion to make. The other three commented as follows: 

(a) Opposed until international agreement can be reached on safety factors — in the 
meantime favour ‘trend curves* to adjust property values; 

(b) Opposed until international agreement can be reached — in the meantime to 
adjust property values ‘perhaps by the choice of confidence limits*; 

(c) Opposed until international agreement can be obtained. 



OTHER ASPECTS {Question 8) 

18. One of the main problems existing in the pressure vessel industry concerns the 
case of very thick plates and heavy forgings for high pressure vessels (ie ammonia 
converters) and what value can be placed on results obtained from representative test 
pieces from these. It is felt that not enough is known about the effect of mass, ie the 
effect of section thickness on the behaviour of steels. 

19. Invariably new materials and even existing ones have their properties analysed in 
great detail, but the properties of equivalent weld metals and associated welding 
procedures are not so clearly defined, 

20. Difljculties have been found in obtaining deliveries of tubes and tubular fittings 
such as elbows. 

21. One of the main obstructions in the way of rapid introduction of new steels into 
the pressure vessel industry is the ultra-cautious attitude of British insurance com- 
panies, coupled with the length of time required to produce new standards. 

22. The present attitude of British steelmakers towards replacement of faulty material : 
more often than not faults are not revealed until much work had been expwided by the 
fabricators. No compensation is forthcoming, in most cases, for the man or machine 
hours expended in processing the faulty material by the fabricator. 

23. The low temperature properties of steels in the welded state are considered to be 
of vital importance to the pressure vessel industry. FuUscale crack initiation and propa- 
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gation tests are needed. Serious consideration should be given to the type-testing of 
steels as currently practised in Japan, with a view to having steels tested and approved. 

24. If British steels were cheaper and had better impact properties down to — 50®C 
there would be reasonable satisfaction. 



Part IL Questionnaire to the UK steel industry 

25. On the basis of the information received in replies from the pressure vessel 
industry (see Part I of this Appendix) it was decided to prepare a questionnaire to be 
sent to stedmakers, to obtain their comments on the views expressed by steel-users. 
The questionnaire was sent directly to the steelmakers known to be involved in the 
supply of steel to the pressure vessel industry and also, through the BISF, to the various 
conferences which deal with the different product forms ie plate, sheet, alloy steel, 
forgings. Altogether 12 steelmakers’ trade associations and conferences and steel 
companies replied to the questionnaire. A copy of the questionnaire is attached at 
Annex B to t^s Appendix. 

26. The nature of the questions in the questionnaire and the replies subsequently 
received did not lend themselves to a comparatively strai^tforward analysis as was 
the case in Part I. Instead, a summary of the views of the steelmakers against each 
question in the questionnaire is provided. 



BRITISH STEEL STANDARDS {Question 1) 

27. In the firat submissions in response to the General Enquiry Letter (Appendix E) 
there was general criticism of multiplicity and overlap of British Standards resulting in 
an urgent need for rationalisation. These comments appeared to ignore the work that 
was in progress to produce revised versions of BS 1501, 1502, 1503, 3059, 3602, 3604 
and 3605. Consequently, in the questionnaire to fabricators (Part I) special attention 
was directed to these Standards and further comment was requested. The answers 
given showed there was g^eral agreement that these standards represented a rational 
series, but there was some criticism of the delay in completing them and complaints 
about notable omissions such as proprietary steels, stainless and 9% Ni steels. These 
aspects were put to the steelmakers and they were specifically asked to give reasons for 
the delay in issuing these standards (covering the seven years that the relevant ISE/62 
committees had been working). 

28. The answers given by the steelmakers centred around the limited demand for 
some of the special steels such as 9% Ni; the fact that BSI Standards for proprietary 
steels were not permitted until 1965 ; and the fact that some were not regarded as having 
VMy high priority. There was however some very positive comment about the delays 
which occurred in producing a standard after the initiation stage. From the comments, 
It appeared that there had been two years’ delay following the initiation of work on 
steels like the proprietary plate steels, 9% Ni and low alloy steels. The delay was 
attributed to insuffidrat BSI staff; to unnecessarily long intervals between meetings; 
the cumbersome procedure of large unwieldy committees ; and to the fact that the 
recommended Bowlby procedure for immediate circulation of draft proposals had b^n 
ignored. They recommended that a separate standards procedure should be introduced 
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for steels ; that there should be an automatic review of steel standards every three years ; 
that there should be closer liaison between committees dealing with design and with 
material standards ; and that the staff at BSI dealing with steel standards should be 
increased. 



RANGE OF STEELS AVAILABLE {Question 2) 

29. One of the points made in the original submissions (Appendix E) was that the 
range of steels available to the British pressure vessel industry was less than in oth» 
countries and this particularly applied to higher tensile and quenched and tempered 
steels. When these questions were put more precisely in the questionnaire to fabricators 
(Part I), the answers showed there was reasonable agreement that the range was 
adequate, providing proprietary steels were taken into account and providing that these 
were included in national Standards, that they were reasonably priced, and that there 
were no delivery delays. 



30. The Steelmakers* answers maintained that the range was adequate and quite 
comparable with that available in Germany. They compared the properties of both 
standard and proprietary steels and showed that the British steels were directly com- 
parable. They drew attention to the fact that one of the most attractive British steels 
on a price/design strength basis was BS 1501-213 and yet this was little used by the 
pressure vessel industry. It was accepted that to obtain an adequate range of properties 
it was necessary to use proprietary steels, but it was suggested that this was a natural 
stage in the development of steels. The steelmakers recommended that British Stand- 
ards procedure should jjermit the use of a proprietary steel on a tentative basis, without 
the necessity for the tedious consideration by the standards committee. Such a steel 
would only be submitted for the full British Standard acceptance when it could be 
shown that there was an established demand for the steel. 



31. In support of the view that British standard steels were comparable with those 
obtained in Germany, a comparison was made by the Steelmakers of the design str^ 
range available to the British pressure vessel maker using British standard steels with 
that of his German countCTparts using German standard steels. German steels were 
selected for comparison purposes because these are generally the ones which British 
pressure vessel makers quoted when questions of inadequacy of the British range of 
steels are raised. The comments in paragraph 32 are extracted from the evidence sub- 
mitted. 



32. The attached Figs. L(1 & 2) show the design stress range available to British and 
German pressure vessel makers using standard steels. Figs. L(1 & 2) are to the same 
scale so that direct comparison can be made. It will be noted that the German carbon 
and carbon manganese steels cover a very similar range to the comparable British steels, 
with the exception of 19MN5. However the British BS 1501-213 Grade 32B steel 
adequately matches the 19MN5 range. It is interesting to the British steelmakers that 
very little use has been made of the BS 1501-213 steel by the British pressure vessel 
industry, despite the fact that on a price/design strength ratio basis this steel is the most 
attractive among the British standard steels. The fact remains therefore that the tonnage 
of pressure vessel plate supplied lies in the less attractive BS 1501-151 and 161 grades. 
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Fto. L(1X Design stresses for British standard steds under BS 1515:1 
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Rg. L(3). Design stresses for British proprietary steels under BS 1515 :1 
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Fig. L(4). Design stresses for German proprietary steels under AD — Merkeblitter 
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33. A comparison was also made by the steelmakers between British and German 
proprietary steels. Fig. L(4) presents a selection of German proprietary steels and Fig. 
L(3) the British. Comparison between Figs. L(2) and L(4) show that the German 
standard and proprietary steels together form a continuous series over a wide range of 
design stresses. On the same basis the British steels (Figs. L(l) and (3)) show a similar 
range of design stresses, but a lower density or population for the proprietary steels. 

34. A subsidiary question asked whether orders to foreign specifications were accepted 
and if so, whether this involved an extra premium or delivery time. In general, the 
answers indicated that foreign specifications were accepted on the same basis as British 
specifications and did not involve a premium or long delivery period. It was mentioned 
that certain minimum quantities would be necessary and that there was less likelihood 
that any stocks would be held. 



STEEL SUPPLY {Question 3) 

35. In response to question 3 the following figures were given for the supply of pressure 
vessel steel plate by four major UK makers in 1966: 



Maker 


C and C-Mn 
steels 

(tons) 


3i%Niand 

9%Ni 

(tons) 


Proprietary 

steels 

referred to 
in question 3(iii) 
of questionnaire 
(tons) 


Low alloy 
steels, e.g. 
i%Mo; 
l%Cri%Mo; 
2i% Cr 1% Mo 
(tons) 


1 


52,159 





1,682 


574 (i% Mo) 


2 


70,000 


35 


3,950 


5,400 


3 


25,000 


410 


2,650 


50 (i%Mo) 


4 


35,462 


NU 


Nil 


702 (i% Mo) 


TOTALS 


182,621 


445 


8,281 


6,726 



36. The figure of 182,621 tons for C and C-Mn steels is likely to be an over-estimate 
since it is known that some steel which is ordered to these specifications is not used for 
pressure vessels. The figure of 8,281 tons for proprietary steels should be noted and the 
figure of 6,726 tons for the low alloy steels. This tonnage divided between four producers 
is not very large, particularly in view of the large amount of technical work and data 
collection which is involved. The figure of 445 tons mainly produced by a single manu- 
facturer for the 9% Ni category shows that this is a very limited market. The figures 
also show that M^er No. 2 produced 9,385 tons out of the total of 15,452 tons of steel 
in the special categories. This, taken in conjunction with the fact that they can supply 
larger and thicker plate than the other producers, highlights their importance to the 
pressure vessel industry. 

37. Collected figures for stainless steel have not been submitted, but the individual 
submission from a major maker shows that they supplied 2,500 tons of stainless plate 
to pressure vessel fabricators in 1966. 



LIMITATIONS IN PLATE SUPPLY {Question 4) 

38. In the questionnaire to fabricators (Part I) there were complaints about difficulties 
ej^rienced with 9% Ni steel, high alloy steels, stainless clad plate and quenched and 
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tempered steel. There were also complaints about the difficulty in obtaining steels 
manufactxired by specific processes, eg electricarc steelmaking and vacuum degassing. 
Finally, there were complaints about limitations in size, thickness and weight. 

39. The steelmakers have provided fairly detailed arawers to these complaints. They 
stress the small demand for some of these steels. In the case of 9 % Ni steel, the demand 
is so infrequent that there might be special difficulties in meeting a sudden demand 
because nickel itself is in short supply. The demand for stainless clad steel only amounts 
to 2,000 tons against a manufacturing capacity of 5,000 tons. Quenched and tempered 
steel is readily available from two manufacturers who produced 11,500 tons in 1966. 
There was practically no use of this material by the pressure vessel industry. 

40. Electric arc steel was available from two manufacturers but only 2,000 tons of 
plate was supplied. Considerably larger quantities could be supplied if necessary. 
Vacuum degassing is also available now, although this is a recent development. One 
manufacturer supplied 75,000 tons in 1966 and another will have capacity for 100,000 
tons in 1968. It would appear that any requirements of the pressure vessel industry for 
vacuum degassed steel can be met. 

41. With regard to weight and dimensions, it is clear that Maker No. 2 is in a better 
position than the other plate suppliers. They can supply a maximum plate weight of 20 
tons 156'' wide, whilst the other suppliers Mve a maximum of approximately 12 tons 
and 136' wide. They can also supply large thick plate in their proprietary steel 



STEEL DEUVERY {Question 5) 

42. The original submissions (Appendix E) complained about long deliveries, par- 
ticularly on specdal qualities. The detailed submissions in response to the questionnaires 
to fabricators (Part I) agreed that there had been an improvement but quoted deliveries 
of 8-16 weeks for special qualities compared with 2-6 weeks for standard grades. The 
steelmakers answering the question about delivery periods suggested 2-6 weeks for 
standard grades with the simple C and C-Mn steels at the short end of this range, and 
fine-grained impact and high temperature tested steels at the long end of the range. 
Delivery periods (January 1968) for low alloy plate st^l are 6-12 weeks, 3i% and 9% 
Ni steel 6-12 weeks, stainless steel 6-10 wedcs and stainless clad steel 6-12 weeks. The 
manufacturers of proprietary plate steels indicate delivery p^ods of 4-10 weeks. 
Consequttitly, the two sides do not disagree very much in their estimates. 

43. A major complaint from pressure vessel manufacturers was that replacwnents for 
defective plates added considerably to these delivery periods. The steelmakers acknow- 
ledge that this can add a further 4 weeks to the delivery periods. 



STEEL DOCUMENTATION {Question 6) 

44. There have been complaints that steelmakers are reluctant to accept special 
testing requirements and to provide the necessary documentation without lengthy 
delays. In general, the steelmakers claim that they are prepared to accept any require- 
ments for special testing and documentation but conc^e that this mi^t cause some 
delay. 



PV VOL II K* 
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STEEL CLEANLINESS {Question 1) 

45. The frequent complaints about steel cleanliness were referred to the steelmakers, 
and they were asked for information on the comparison of cleanliness of steel plate 
produced in Britain, Japan and Germany. The steelmakers claimed that for equivalent 
processes and production conditions, corresponding compositions are much the same 
in degree of cleanness the world over. They claimed their information was that German 
and Japanese steelmakers had similar problems with laminations and inclusions. They 
mentioned that it was possible to improve the general standard of cleanness providing 
vacuum treatment is applied or times of production are extended and modifications to 
the process made. This inevitably increases basic costs over those that apply to the 
general standard level. The steelmakers do not accept that vacuum degassing and/or 
ultrasonic testing is undertaken by foreign steelmakers without some extra charge being 
made. 

46. The steelmakers were asked to justify the 20% premium charged for ultrasonic 
testing. In reply they claimed that the extra cost of supplying the plate to ultrasonic 
standard resulted from modifications to the production procedures and reduced yield 
of material; from extra handling costs and the provision of accommodation and equip- 
ment for carrying out testing; from disruption and delay to production lines; and from 
increased rejection risks. 



CHEMICAL COMPOSITION {Question 8) 

47. In submissions given in reply to the questionnaire to fabricators (Part I) no major 
points were made about chemical composition, although some associated points were 
raised. For instance, it was suggested that since existing Standards allowed a consider- 
able variation in several elements, it would be helpful if a maximum carbon equivalent 
could be specified. The steelmakers have indicated that they would agree to this and 
have pointed out that the new draft structural steel standard includes maximum carbon 
equivalent values. 

48. Following up one of the points raised by pressure vessel fabricators, the steel- 
makers were asked whether there was a need for more information to be published on 
the s^regation in large ingots and the difference between product analysis and ladle 
analysis. The steelmakers stated that the general picture was covered by publications 
in the Iron and Steel Institute from 1930 onwards, but they agreed that there may be a 
case for publishing more information on the large ingots which have been in common 
use for the production of various heavy steel products during the last 10 years. 

49. With regard to the S and P contents, there is a major difference between the Heavy 
Plate Manufacturers and alloy steel and forging manufacturers. The Heavy Plate 
Manufacturers say that they would accept either 0 • 04 % max. or 0 • 35 % max. for S and 
P respectively, although this would le^ to increased cost because their production 
process would have to be modified. The alloy and special steel manufacturers who use 
electric arc steelmaking can meet these limits without difficulty. 



STEEL PROPERTY DATA {Question 9) 

50. The questions in this section related to specific omissions in the property data 
available. To some extent the answers are linked with those to Question 1 which dealt 
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with the revisions to steel standards. In general, the answer seems to be that where there 
are omissions in existing standards, that this is covered by current testing programmes 
and these aspects will be covered in revised standards. 

51. The answer to the question on specifying minimum property levels confirms the 
steel industry viewpoint that these should be based on accurate property test data and 
that they should not be ‘adjusted’ merely to conform to some preconceived idea of what 
the minimum property should be. 

52. With regard to the question of type-testing, it should be noted that the Heavy 
Plate Manufacturers are currently discussing a compr^ensive test programme with 
representative consumer organisations. 
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Questionnaire (to fabricators) on materials for pressure vessels 



1. Rationalisation of steel 

It has been frquratly reported to the Committee that rationalisation of steel specifica- 
tions is desirable, but it is not clear whether these comments refer to the situation that 
has existed or whether these are complaints about the new specifications being issued, 
which are: 

BS 1501 Steels for fired and unfired pressure vessels 
— plates 

BS 1502 Steels for fired and unfired pressure vessels 
— bars and sections 

BS 1 503 Steels for fired and unfired pressure vessels 
— forgings 

BS 3059 Steel boiler and superheater tubes 

BS 3602 Steel pipes and tubes for pressure purposes 
— carbon steel 

BS 3604 Steel pipes and tubes for pressure pmposes 
— low and medium alloy steel 

BS 3605 Steel pipes and tubes for pressure purposes 
— austenitic stainless steel 

Included in this list are some specifications which have been published and some which 
are in draft form. Do these new specifications now provide the rational series that has 
been sought? 



2. Chemical compositions given in specifications 

(2.1) Some comments have been directed at particular aspects of composition, eg 
that the range^ of C and Mn in any one specification is too wide to allow general welding 
recommendations to be given. Have you any observations to make concerning general 
chemical composition ranges? 



(2.2) A corollary of restricted composition ranges is that mechanical properties would 
vary more over a range of section sizes. Would this create difficulties in using such steels 
and. if so, which of the two alternatives is to be preferred? 

(Z3) A particular aspect of composition concerns the S and P contents Have you 
any views on the preferred levels of S and P for pressure vessel steel? 

(2.4) Are other trace elements adequately specified ? 
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3. Steel availability 

(3.1) Some cnticisnis have been directed at the nonavailability or the availability only 
on extended delivery of specific types of steel, such as 9% Ni, stainless-clad plate, or 
quenched and tempered plate. It would help the Committee to have detailed information 
on these points, including details of steel types and any comparisons between British 
and foreign steel producers. 

(3.2) There have also been comments concerning delivery delays on standard pressure 
vMsel steels. It would be helpful to have any detailed information on this point and 
also to know whether these comments relate to all steel producers or to individual 
companies. 

(3.3) One p^icul^ point that has been made is that there is not such a wide range of 
steel properties available in Britain as in Germany. Taking into account the British 
range of steels, from the standard BS 1 501 steels to the proprietary Fortiweld and W30 
steels, would you give your views on this? 

(3.4) If you consider the British range of steels inadequate, can you identify the 
particular foreign steels or the particular property ranges which are not equalled by 
British steels? 

(3.5) If you consider the British range of steels as excessive, how would you suggest 
the range available might be rationalised? 



4. Steel cleanliness 

(4.1) What is your experience of the standard of cleanliness of British pressure vessel 
steels supplied to you and how does this compare with steel of foreign manufacture? 

(4.2) Do you specify ultrasonic examination for your plate supplies either by the 
steelmaker or by your own company? If so, do you have any difficulties with the 
interpretation of the results of ultrasonic examination? 



5. Non-standard steels and special features 

A comment has been made that British steelmakers are reluctant to accept orders to 
foreign specifications, eg DIN, and if they do accept such orders they charge a heavy 
premium for non-standard compositions. Another point made is that a heavy premium 
is also charged for extra features such as an impact test where this may not be provided 
in the specification, or for ultrasonic examination. Have you any detailed information 
on these aspects of steel supplies ? 



6. Steel property data 

It has been mentioned that there is a lack of reliable property data on standard pressure 
vessel steels particularly for temperatures below the creep range. It has been said that 
there was a very large amount of high temperature property data published at the 1966 
Eastbourne Conference by the British Steelmakers Creep Committee. Do you have any 
views on this topic; and if you feel that there are gaps in the information can you 
identify these? 
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7. Specification of minimum property levels 

There is critidsin of the low minimum level of properties of British standard steels in 
comparison with similar German steels. It is pointed out that this arises from the 
greater availability of accurate test data in this country, which in turn should allow 
lower safety factors to be used. Alternatively, it would be possible for different minimum 
properties to be specified for different confidence limits. Do you have any views on this 
point and how would you prefer to see properties specified? 



8. Other aspects 

You might feel that major problems exist concerning materials for use in pressure 
vessels in aspects other than those queried in sections 1 to 7 above, in which case your 
comments on these other aspects would be welcome. 
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Questionnaire (to steel suppliers) on steels for pressure vessels 



1, British Standards 

It is ^nerally agreed that there has been a big step forward with the issue of the BS 
1501 : 1964 standards for plates. These apply only to C and C-Mn steels, however, and 
there is concern about the delay in issuing the standards for other steels, such as 
proprietary steels, low temperature steels, low alloy steels and stainless steels. The 
Committee has noted that ISE/62/1 is responsible for these standards and that it was 
formed in 1961 to co-ordinate the work on plates. In view of this, it is difficult to under- 
stand why this committee only began to consider low alloy steels (eg I % Cr Mo, 
2i% Cr 1 % Mo) in 1966 and austenitic stainless steels in 1967. 



Can you comment on the reason for delay in issuing the: 

Question (1.1) BS 1501 standards for the low temperature 3^% Ni and 9% Ni steels? 
Question (1.2) BS 1501 standards for proprietary steels such as W 30 and Fortiweld? 

Question (1.3) BS 1501 standards for low alloy steels such as 1 % Cr Mo, 2J% Cr 
l%Mo? 

Question (1.4) BS 1501 standards for austenitic stainless steels? 



It would appear that there has been more progress on plate standards than for other 
components. In particular, reference has been made to BS 1502 for bars and sections 
and BS 1503 for forgings. In relation to this latter it is noted that the committee re- 
sponsible is ISE/62/2 but it is not clear why there has been so little progress during a 6 
year period. 



Question (1.5) Can you comment on the reasons for delay in issuing the BS 1502 and 
BS 1503? 



There has been less comment about standards for pipes and tubes, presumably 
because there have been revisions for BS 3601-4 published containing hi^ temperature 
properties. However, specific comment has been directed at the need for a revision of 
BS 3605 and also for the issue of the revision of BS 3059. 

Question (1.6) Can you comment on the reasons for delay in issuing the revision of 
BS 3605 and BS 3059? 

It is appreciated that there are many different interests concerned in the revision of a 
BS but the Committee of Enquiry would be interested to know how this question is seen 
from the point of view of the steelmaker. The standards are listed separately because 
individual steelmakers may be concerned only with certain steels. However, thwc is the 
broad question of British Standards procedure on which you may wish to comment 
generally and make suggestions for ways in which this procedure could be improved. 

Question (1.9) Have you any general comments to make about British Standards 
procedure for materials standards or any suggestions to put forward 
for improving this procedure? 
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2. Range of steels available 

There have been some complaints that the range of steels from British steelmakers is 
not as comprehensive as in some foreign countries, particularly Germany. In particular, 
it is said that a reasonable range can only be found in Britain by resorting to proprietary 
steels, which may be difficult to obtain. It is suggested that the complete range should 
be covered by British Standards and the steels should be available from all manu- 
facturers. Further, it is said that since the British range of steels is not adequate, it 
would be helpful if foreign specifications could be purchased from British steelmakers. 
However, it is said that steelmakers are reluctant to accept such orders and that there 
is either a lengthy delivery or high premium charged. 



Question (2.1) Do you consider the range of British steels to be adequate and equal 
to that available in any foreign country? 

Question (2.2) Is it correct to say that this range necessitates the use of proprietary 
steels? 



Question (2.3) Would you like to comment on the suggestion that it is desirable for 
the proprietary steels to be replaced by national standards ? 

Question (2.4) What is the position with regard to the supply of foreign specifications ? 

Do you accept such orders ? If so, what extra premium or extra de- 
livery time would this involve? 



3. Steel supply 

The Committee of Enquiry would be interested to know which are the steelmakers 
mainly concerned with supply of steel to the pressure vessel industry. Consequently, 
it would be of assistance if the figures for tonnage supplied in 1966 could be disclosed. 
It is realised that this information may be difficult to provide since steel orders are not 
necessarily identified as to application, and the specification supplied may not be 
suffidently informative. The types of steel in which the Committee of Enquiry are 
mainly interested are; 

C and C-Mn steels; 

Low temperature steels including 3J% Ni and 9% Ni; 

Proprietary steels such as W 30 and Fortiweld; 

Low alloy steels, eg 1% Mo, 1 % Cr Mo, 2i% Cr 1 % Mo; 

Austenitic stainless steels. 

The Committee of Enquiry is mainly interested in the supply of steel plate and conse- 
quently the relevant steel specifications are those included in BS 1501, or which will 
shortly be included in this standard. 

Question (3) Can you provide figures for the tonnage of plate supplied to the pressure 

vessel industry during 1966? 



4. Limitations in plate supply 

Some of the submissions from pressure vessel manufacturers refer to limitations in 
plate supply affecting steel type, quality, or dimensions. In the following questions 
please indicate annual tonnage, range of qualities and maximum sizes. 
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Question (4.1) 
Question (4.2) 

Question (4.3) 
Question (4.4) 
Question (4.5) 
Question (4.6) 



Do you supply plate steels manufactured by electric arc steelmaking? 

Do you supply plate steel which is manufactured using vacuum 
degassing? What, if any, premium is charged for this process? 

Do you supply quenched and tempered plate? 

Do you supply stainless clad plate? 

What is the maximum weight of plate supplied? 

What is the maximum width of plate supplied? 



5. Steel delivery 

There have been many complaints about long deliveries of plate steels used for pressure 
vessels. It is agreed that the delivery position on standard C and C-Mn steels has 
improved considerably as the general level of trade has fallen off in recent months, but 
it is feared that deliveries will lengthen again when activity increases. A particular point 
has been made about lengthy delivery of plates to replace those found to be defective 
during fabrication. There are strong complaints about the longer deliveries expaienced 
on proprietary steels, which it is claimed are necessary to form a comprehensive range 
of steels. Finally, it is said that the delivery position is still very bad for special steels 
such as 9% Ni or special products such as stainless clad plate. 



What is the current delivery position on the following: 



Question (5.1) 

Question (5.2) 
Question (5.3) 

Question (5.4) 
Question (5.5) 
Question (5.6) 
Question (5.7) 
Question (5.8) 

Question (5.9) 



Standard C and C-Mn plate steels? (Where this varies with size, grade 
or thickness please give separate answers); 

Replacement plates ? 

Proprietary plate steels ? (Where this varies with size, grade or thickness 
please give separate answers); 

Ni or 9% Ni steel plate? 

Low alloy steel plate such as 1 % Cr Mo, 2J% Cr 1 % Mo? 
Austenitic stainless steel plate? 

Stainless clad plate? 

If the delivery position is worse for proprietary steels than standard 
steels, how may this be justified in view of the important position that 
these steels occupy in the range of steels available to the pressure 
vessel manufacturer? 

In what grades, sizes and quantities do you carry ‘ready-to-use’ stock 
or a ‘part-processed’ stock? 



6. Steel doctmentation 

There are complaints that British steelmakers are reluctant to accept special testing 
requirements for foreign, particularly East European, customers and to provide the 
necessary documentation without lengthy delays. 

Question (6) Would you comment on the question of special testing requirements and 

documentation for foreign clients of pressure v^el manufacturers? 
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7 . Steel cleanliness 

The most frequent criticisms in the submissions from pressure vessel manufacturers 
concern cleanliness and the question of ultrasonic testing. It is suggested that the 20% 
premium for ultrasonic testing is exorbitant and that no pressure vessel manufacturer 
can pay this and remain competitive. Further, it is claimed that protected by this high 
premium, the steel industry has been slow to improve their general level of cleanliness, 
which is reported to compare unfavourably with foreign suppliers. It has been noted 
that several years ago the Japanese industry used electric arc steelmaking for pressure 
vessel plates and then adopted vacuum degassing. Vacuum degassing has also been 
applied more quickly in Germany than in Britain. In both countries vacuum degassed 
and ultrasonically tested plate is stated to be supplied without a premium being charged. 

Question (7.1) How does the cleanliness of your pressure vessel steel plates compare 
with that available in Japan or Germany? 

Question (7.2) Can you provide commercial or technical justification for the 20% 
premium charged for ultrasonic testing? 



Z, Chemical composition 

C & Mn. In some submissions from pressure vessel manufacturers, it is suggested that 
the permitted range of C and Mn in specifications is too wide to allow satisfactory 
welding procedures to be specified. It is stated that there is insufficient information 
published by steelmakers on the segregation which is likely to be encountered in large 
ingots and hence the difference in product analysis (particularly in thick sections) from 
the ladle analysis of the steel. It is said that manuf^turers’ catalogues contain little 
useful information on this point and that standards committees do not have sufficient 
information to decide this point. It has also been mentioned that there is inadequate 
information published on the variation of composition within a specification range 
according to the section size. Because of this, it is suggested that a maximum carbon 
equivalent should be included in standard spedfications, partly associated with in- 
dividual product analyses for thick sections etc., which woffid give usws some assurance 
about weldability. 



S &P. There is some criticism about the maximum levels of these elements allowed in 
specifications since these are higher than in foreign specifications and higher than seem 
necessary for current steelmaking practice. There is some pressure for the maximum to 
be reduced from 0 ■ 5 % to 0 ■ 4% or 0 * 35 %. Further, in the case of S it is suggested that 
there should be a minimum value of 0*015% to avoid susceptibility to hydrogen 
cracking. 



Question (8.1) What is your view on the inclusion of a maximum carbon equivalent 
in steel standard specifications? 

Question (8.2) Do you agree that there should be more information published on the 
segregation in large ingots and the difference between product analysis 
and ladle analysis? 



Question (8.3) Would you please comment on the proposal for individual product 
analysis coupled possibly with more tolerant composition limits ? 

Question (8.4) Do you agree that thae should be more information published on the 
variation of analysis within the specification range according to the 
section size? Is such information available; if not, what would be 
required to obtain it? 
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Question (8.5) It is suggested that the range for S and P for pressure vessel steel 
specifications should be; 

P = 0-04% max. P = 0-035% max. 

S = 0-015/0-04% S = 0-015/0-035%max 

What is your reaction to these suggestions? 



9. Steel property data 

There is widespread approval of the efforts of steelmakers in providing elevated 
temperature property data and as conveniently summarised at the BISRA/ISI East- 
bourne Conference. There are specific comments about gaps in this data, eg proof stress 
data in the range 50-250®C, low alloy steels, austenitic stainless steels, and ^>ecific 
component forms such as very thick plates or large forgings. There seems to be a lengthy 
delay between property collection by the BSCC and the use of this data in material or 
design standards. In particular, it was mentioned that the discussions relating to BS 1515 
Part n have been seriously handicapped by the lack of property data on austenitic 
steels. Some submissions also refer to the diffi culties encountered in defining mmimiim 
property levels to be used in standards to ensure that pressure vessel manufacturers 
are not placed at a disadvantage compared to foreign manufacturers. 



Have you any comment to make on the availability of: 



Question (9.1) proof stress data in the temperature range 50-250®C? 

Question (9.2) elevated temperature properties of low alloy steels of the Mo and 
Cr/Mo types ? 

Question (9.3) elevated temperature properties of austenitic stainless steels including 
the Hi-proof steels ? 



Question (9,4) elevated temperature properties on very thick plates and large forgings ? 

Question (9,5) large scale fracture data (so-called ‘type test* data), and low cycle 
fatigue data on pressure vessel steels in the relevant range of qualities, 
conditions, and sizes? 

Question (9.Q Have you any comment to make about the controversy conc^ning the 
specification of minimum property levels? 
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Surveys on welding consumables: summary report 



1. One of the major topics considered by the Committee of Enquiry was the question 
of materials of construction; during these discussions the subjects of welding con- 
sumables and their supply were raised. It was considered necessary to have question- 
naires on similar lines to the materials questionnaires (S^ Appendix L) which would be 
circulated to major consumable manufacturers and also to a number of leading fab- 
ricators in the pressure vessel industry. 

2. Attached at Annex A is the questionnaire sent to 12 welding consumable manu- 
facturers (replies were received from 8) and to 12 fabricators (replies were received 
from 10). The questionnaire is divided into two parts: 

Part 1 — is concerned with specific consumables, the high and low temperature 
properties of those consumables, and the range of electrodes and delivery situation as 
at February 1968; 

Part //—is concerned with the development of consumables and the relationships 
between consumable manufacturers and the steelmaking and fabricating sections of 
industry. 

A summary of the views expressed in the replies is given in the ensuing paragraphs. 



Electrode availability 

3. From the answers given by electrode manufacturers, it appeared that the majority 
provided a range of electrodes covering both manual electrodes and automatic con- 
sumables. In answering the question whether their range was as good as in any other 
country, most claimed that the range of manual electrodes was adequate but they agreed 
that the range of automatic consumables was incomplete and could be improved. 

4. The welding fabricators agreed with these comments but gave more detail. With 
reg^d to manual electrodes, it was mentioned that the availability was satisfactory for 
plain carbon and simple steels but less satisfactory for special steels. In order to get a 
comprehensive range, it was necessa^ to use electrodes from foreign manufacturers or 
British associates of forei^ companies. With regard to automatic consumables, it was 
stated that the choice was limited and that it was necessary to rely on imported materials 
to obtain a satisfactory range. 



Delivery situation 

5. The welding electrode manufacturers claimed that the delivery position was 
satisfactoiy for the nmin types of electrode covered in the survey. They agreed that there 
might be lengthy deliveries for certain consumables for automatic and semi-automatic 
processes, but they stressed that the demand for these specialised materials was small 
and that they had difficulties in obtaining alloying metals like nickel or the special core 
wires they needed. 
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6. The welding fabricators confirmed these points, agreeing that standard materials 
were readily available but that special materials, eg proprietary compositions, low alloy 
creep resisting steels, Ni steels and stainless steels, could have delivery periods ranging 
from three weeks to two months. 



High temperature property data 

7. The electrode manufacturers conceded that high temperature property data on 
their products was ‘limited’, ‘incomplete’ or ‘not available’. 

8. The welding fabricators suggested that the high temperature property data available 
from electrode manufacturers was virtually nil and that where knowledge of this was 
necessary, they had to carry out the testing in their own laboratories. 



Collaborative testing work 

9. All the electrode manufacturers stated that they had no collaborative work with 
other electrode manufacturers to provide property ^ta on welding consumables, and 
most went on to say that they would not support any proposal for collaborative 
testing. They also stated that there was practically no collaborative work with steel- 
makers or fabricators on the properties of welded joints ; there was some willingness to 
collaborate if such a programme could be arranged. 

10. The welding fabricators confirmed that there are no general arrangements for 
collaborative work, although there might be some limited private arrangements 
between individual companies. Generally, the fabricators indicated a willingness to join 
any collaborative testing programme which might be arranged. 



Low temperature property data 

11. Some of the electrode manufacturers claimed that adequate low temperature 
property data were available, mainly in the form of Charpy V notch tests. They in- 
dicated that there was no collaborative work by electrode manufacturers to obtain this 
information, and that generally they would not co-operate in any test programme. 

12. The welding fabricators suggested that the information provided by electrode 
manufacturers was ‘sketchy’, ‘vague’ or ‘incomplete’. They found it necessary to 
supplement this information by extensive testing in their own laboratories. Tliey 
confirmed that there was no collaborative work in progress to determine low temper- 
ature property data on welded joints, but generally indicated a willingness to co-operate 
if such a programme was arranged. 



Development of consumables and equipment 

13. The electrode manufacturers stated that they were rarely consulted at an early 
stage of steel development, so that they could have a chance to develop matching 
electrodes. They said that their main problems were with regard to automatic con- 
sumables and in obtaining small quantities of special wires needed for their develop- 
ment work. The main future developments were seen in the field of automatic pro- 
cesses. 
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14. The welding fabricators generally appreciated the difficulties faced by electrode 
manufacturers in meeting widely different demands from individual fabricators without 
any agreed standards for the properties required. There was the suggestion that one 
function of a 'Pressure Vessel Authority’ would be to provide a forum for the joint 
discussion of these matters leading to agreed standards. 



Certification of electrodes 

15. The electrode manufacturers expressed general satisfaction with the present 
methods for assessing electrodes, wires and fluxes. The welding fabricators were not so 
satisfied, suggesting that insufficient information was given which might not always 
be accurate. Further, the information was restricted to downhand welding, whereas 
information on the vertical position should also be given. There was also the suggestion 
that necessary information was withheld under the guise of ‘trade know-how’. 
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Questionnaire (for welding fabricators/consumables manufac- 
turers) on pressure vessel welding consnmables 

PART I 

1. Availability 

Do you manufacture/utilise consumables for welding the following steel types? 
Question (1.1) Carbon-manganese steels, eg BS 1501 : 151, 161, 211, 213, 221, 224. 
Question (1.2) Proprietary steels, eg W 30, Fortiweld. 

Question (1.3) Low alloy creep resisting steels, eg 1% Cr i% Mn, 2i% Cr_l%'Mo. 
Question (1.4) Low temperature steels, eg 3i% Ni, 9% NL 
Question (1.5) Austenitic stainless steels, eg Types 304, 316, 347, 321. 

Question (1.6) High proof stress stainless steels. 

2. Range of electrodes available 

Question (2) Do you consider that the range of welding consumables available to 
the pressure vessel industry is adequate and equal to that in any foreign 
country? 

3. Delivery situation 

Question (3.1) What is the delivery position with regard to welding consumables? 

Question (3.2) If the delivery position varies with electrode type, what is the delivery 
position for electrodes for each of the steel types listed in Question 1 ? 



4. High temperature property data 

There have been frequent comments upon the lack of mechanical property data at 
elevated temperatures on weld metal and welded joints. 

Question (4.1) What is the extent of the elevated temperature property data available 
for electrode materials/weld metals for the materials listed in Question 
1 ? 

Note: Questions (4^) and (4.3) for welding consumables manufacturers only 



The steelmakers have had a collaborative organisation to co-ordinate testing of 
steels. There is interest in the position with regard to welding consumables. 
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Question (4.2) Is there any collaborative arrangement amongst welding electrode 
manufacturers for the collection of high temperature property data on 
welding consumables? 

Question (4.3) If the answer to question (4.2) is ‘No’, would you support a proposal 
for collaborative testing ? 

Apart from the properties of plate material and of weld material, there is interest in 
the properties of welded joints. Clearly, this is not the individual responsibility of a 
steelmaker only or a welding electrode manufacturer only, but the Committee of 
Enquiry would like to know whether any arrangements have been made for collaborative 
testing between the r^pective interests. 

Question (4.4) Is there any collaborative test programme between steelmakers, 
electrode manufacturers and plant fabricators on the properties of 
welded joints? 

Question (4.5) If the answer to Question (4.4) is ‘No’, would you be prepared to join 
in collaborative work of this type ? 



5. Low temperature property data 

For many pressure vessel applications, good low temperature toughness is required and 
there is interest in the availability of low temperature property data on weld metal and 
welded joints. 



Question (5.1) What low temperature property data is available for the welding 
consumables which you make for/use in the pressure vessel industry? 

Note: Questions (5.2) and (5.3) for welding consumables manufacturers only 



Question (5.2) Is there any collaborative work between electrode manufacturers for 
the collection of low temperature property data? 

Question (5.3) If the answer to Question (5.2) is ‘No’, would you be prepared to co- 
operate in collaborative testing of this type? 

Question (5.4) Is there any collaborative work between steelmakers, welding electrode 
manufacturers and plant fabricators on low temperature properties of 
welded joints ? 



Question (5.5) If the answer to Question (5.4) is ‘No’, would you be prepared to join 
in collaborative work of this type? 



PART II {For welding consumables manufacturers only) 

Question (6) To what extent and at what stage are you consulted during the develop- 

ment of materials (for fabrication by welding) by steehuakers and other 
bodies? 

Question (7) \^t factors govern the development of new welding consumables 

within your company, and to what extent do you develop consumables 
to meet particular industry or customer requirements ? 

Question (8) Do you develop and market welding machine equipment in addition 
to welding consumables? In the light of the present situation and 
current developments in what way do you see the fabrication methods 
developing, bearing in mind international competition? 

308 

Printed image digitised by the University of Southampton Library Digitisation Unit 



ANNEX A QUESTIONNAIRES 



Question (9) Is the development of automatic equipment geared to the requirements 
of the fabricating industry and what methods do you use to ensure that 
such developments are in accord with the industry’s needs? 

Question (10) Do you consider that the present method of certifying electrodes, wires 
and fluxes accurately reflects the problems of production welding? If 
the answer is ‘No’, please indicate how in your opinion this could be 
modified. 

Question (11) Are there any other matters of importance connected with welding 
consumables you consider this Committee should be aware of? 



PART II {For welding fabricators only) 

Question (6) Do you consider that sufficient attention is given to the development of 
consumables during the development of materials for pressure vessels ? 
If the answer is ‘No’, could you indicate briefly how this could best be 
done? 



Question (7) Please indicate what approximate annual tonnage of pressure vessels 
fabricated by your company are (a) manually welded and (b) semi- 
automatic or automatically welded. In the light of the present situation 
and current developments, in what way do yon see fabrication methods 
developing, bearing in mind international competition? 

Question (8) In your opinion do you consider that the development of automatic 
equipment is geared to the needs of the fabricating industry? If not, 
please indicate how you think this situation could be rationalised. 

Question (9) Do you consider that the present method of certifying electrodes, 
wires and fluxes accurately reflects the problems of production welding? 
If the answer is ‘No’, please indicate how in your opinion this could 
best be modified. 



Question (10) Are there any other matters of importance connected with welding 
consumables you consider this Committee should be aware of? 
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Preface 



A survey of research and development in the pressure vessel industry was made hy 
staff of the UKAEA Reactor Materials Laboratory at the request of the Committee 
of Enquiry on Pressure Vessels. The survey was based on replies received to two 
questionnaires sent out in 1967 to UK organisations cormected with the pressure vessel 
industry. Two detailed reports analysing these rephes have been submitted to the 
Committee; the present document is an edited version of these two reports. References 
to individual organisations have been omitted and all views remain anonymous to 
respect the confidential nature of the replies. 



Abstract 



A survey, based on the information obtained from questionnaires completed by 268 
organisations, has been made on R & D relevant to the pressure vessel industry. The 
survey covered the activities of 129 organisations over the period 1962-71. Over 400 
quali^ staff were found to be employed on R & D corresponding to an anmmi 
expenditure of the order of £3}M; an increase of at least 10% is expected over the next 
five ye^. The work covers a wide spectrum of activities hut much of it is devoted to 
work directly cormected with procedure trials for current contracts. 

The proportion of the total R & D which is contributed by each type of organisation 
has been estimated; pressure vessel manufacturers, as a group, produce the greatest 
single effort and, when taken together with materiis manufirturers, contributed half 
the overall effort on R & D. It was found that 17 organisations, each having over 10 
men engaged on R & D work, produced at least 40 % of ffie national effort on pressure 
vessel R & D, the remaining 60 % being contributed by the remaining 300 or so organisa- 
tions. 

R & D associated with design aspects of vessels takes up mote effort than any other 
single topic but is closely followed, in terms of effort applied, by data determination on 
materials and the development of materials. Generally the effort applied to a given 
subject by different types of organisation is in the same ratio as their contribution to 
all R & D ie pressure vessel manufacturers produce the largest single contribution. 
Materials manufacturers are however more prominent in both material development 
and property determinations. Even in these subjects pressure vessel manufacturers are 
more active in specific areas notably the development of weld metals and the assessment 
of weldments. 

The ratio of laboratory investigations to works on production studies varies between 
subjects. Work on design aspects of pressure vessels has simOar amounts of effort on 
theoretical studies, laboratory tests and tests on models or components; in materials 
development the effort devoted to laboratory investigations is about twice that devoted 
to prototype or production studies. The amount of effort applied to development of 
existing techniques is generally identical to that applied to development of new tech- 
niques. This equivalence exists with welding processes, quality control, techniques for 
manufacture of pressure vessels and of components. 
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Quoted examples of R & D over the past 5 years show that pressure vessel manu- 
facturers work largely towards the improvement of fabrication and inspection tech- 
niques, the avoidance of difficulties, and the maintenance of a commercial advantage. 
This results in a comparatively small amount of the work being published and in a 
duplication of effort. Materials manufacturers concentrate on development of products, 
involving a large amount of data collection, and the results are published more widely. 
Public corporations and government financed organisations tend to have a greater 
proportion of research directed towards basic understanding of failure mechanisms 
and design approaches i.publication of their work is usual. 

The respondents considered that much of the information from R & D work had been 
apphed, but had difficulty in quoting specific examples. In many cases, application 
meant that trouhle shooting had been successful, that new processes or new materials 
had been successfully adopted and that an organisation had been able to keep up with 
or ahead of its competitors. For these reasons the financial gains resulting from R & D 
could rarely be obtained and few organisations appear to have information from which 
the cost effectiveness of R & D could be obtained. The application of R cfe D obtained 
by other organisations does not appear to be common although several companies 
acknowledge assistance from BWRA (now the Welding Institute). 

Areas (suggested by the industry) where more R & D is needed over the period 
1967-71 are broadly in line with their reports of the work proposed. However more 
emphasis is placed on larger scale work involving the understanding of the significance 
of defects, assessment of behaviour of weldments and rationalisation of design and 
design standards. These are recognised as problems beyond the capabilities of most 
individual organisations. From the information received it is clear that the different 
parts of the industry do not appear to appreciate the requirements of one another. 

The above led to the suggestion of the need for an organisation capable of tackling 
these problems; this is recognised by the majority of organisations who favoured the 
setting up of a body similar to that of the PVRC in the USA. In the majority view such 
an organisation would also have similar functions to the PVRC, it would be financed 
by government and industry, and it would be closely integrated with organisations 
responsible for preparation of standards. 
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CHAPTER 1 



Introduction 



1. The replies received to the first questionnaire covered the period 1962-71. This has 
been broken down into the relative contributions made by different types of organisa- 
tions over different periods of time with approximate indications of the research effort 
applied to individual technical problems. 

2. The first questionnaire consisted of two sections. The first section requested back- 
ground information and whether or not R & D was undertaken. The second section 
consisted of eight principal questions on the type of work, each of these questions 
containing several sub-questions. All sub-questions covered a period of ten years and 
asked for division of work into ‘past’ (1962-6), ‘present’, ‘immediate future (sanctioned)* 
and ‘long term future’. An additional question asked for total qualified effort over two 
periods only (1962-6 and 1967-71), the effort being placed into one of the following 
categories {a) less than 10 man-years (6) 10-50 man-years and (c) greater than 50 man- 
years . I n the following analysis these categories have been describ^ as low, intermediate 
and high effort levels. 

3. In analysing the questionnaires some adjustments had to be made to the replies to 
achieve consistency. Some replies were rejected as being beyond the scope of the survey. 
A pressure vessel was defined as one built to a specific design standard along with 
connecting flanges, pipework etc; concrete pressure vessels, gas cylinders and pipes 
were excluded. Each organisation replying has been classified under one of several 
headings as to ‘type of establishment’. Several or^nisations could legitimately lay 
claim to work under a number of these headings but to simplify the analysis it was 
decided to allocate each organisation to one heading only; this corresponded to what 
was regarded as the main activity of that organisation. This decision has avoided 
problems of duplication but has meant that some types of establishment are apparently 
under represented. Only one trade association was found doing R & D, and referena 
to' the work that this association is doing has been included under the heading O 
Research Association. 

4. The form of questionnaire was such that primary information could be extracte 
from it in three ways : (a) the numbers and types of organisation working on a give 
research topic; (Z>) an estimate of the overall effort on R & D for eadi of the penodi 
1962-6 and (c) an approximate estimate of the contribution by each type of organisa- 
tion to the overall effort. The amount of effort devoted to each subject (or topic forming 
part of that subject) could not be obtained directly, so two types of calculation (effort 
weighting and effort index) have been evolved. The derivation of effort wdghting 
methods is given in Annex n. 

5. Further information on R & D relating to pressure vessels was obtained from a 
second questionnaire (see Annex A) sent out to those organisations employing inter- 
mediate and high effort levels (10-50 man-years, and greater than 50 man-yeais, over 
the period 1962-7). Information was obtained on four main topics: 

(a) A description of the main areas of R & D (with effort, or costs and publications) 

over the past five years; 
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(b) Details of application of the results of R & D including changes brought about, 
financial savings or quality improvements ; 

(c) Suggestions about the main fields in which R & D should be undertaken in the 
next five years; 

(d) Opinions on whether UK industry would benefit from the formation of an 
organisation similar to the Pressure Vessel Research Committee (PVRC) of the USA. 

6 . The information presented in subsequent sections is based almost exclusively on 
the completed questionnaires. The first questionnaire enables a broad outline to be 
obtained of pressure vessel R & D undertaken by 129 organisations. A surular number 
of organisations connected with the industry were not doing any research or develop- 
ment, see Table N(l). The more detailed aspects apply to about 40 of the larger organ- 
isations which, between them, are responsible for about 45% of all pressure vessel 
research and development. 



TABLE N(l) 

Sozninary of returned questioniuiires of the R & D position as at May, 1968 





University departments 


Government departments 


Public corporations 


Research associations 


Manufacturers of materials and consumables 


Manufacturers of equipment 


Manufacturers of pressure vessels 


1 

1 

£f 

o 

d 

0 

1 
a 


Industrial users of pressure vessels 


Consultants 


Trade associations and kindred organisations 


TOTALS 1 


Doing R & D 


41 


4 


11 


5 


26 


2 


26 


2 


9 


3 


- 


129 


Completed section I (not doing 


























R&D) 


45 


4 


5 


2 






65 








2 


123 


Others (no reply, rejections, etc.) 


23 


1 


5 


- 


55 


13 


97 


TOTAIS 


109 


9 


21 


7 


188 


15 


349 
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Overall distribution of R & D 



7. The numbers (effort levels) of qualified staff concerned with R & D in each type of 
organisation are shown in Table N(2). The decrease from 129 active organisations in 
1962-6 to 107 organisations making a forecast for 1967-71 probably reflects uncertainty 
in some university research programmes and the tendency for low effort organisations 
to avoid forecasts. The changes between past and predicted effort levels are shown 
schematically in Fig. N(l). Twenty of the low effort level and 2 of the intermediate level 
did not make any prediction of effort for 1967-71. Seventeen organisations in the low 
effort level category expected to increase R & D to intermediate effort level. Eight of 
these are universities and CAT departments; the remainder of the increases are spread 
uniformly over other kinds of organisations. At the intermediate effort level 2 organisa- 
tions expected to increase and 2 expected to decrease effort. The only general conclusion 
is that the higher the existing effort level the greater the stability with regard to the 
future. 



8. The total numbers in each type of organisation is illustrated in Fig. N(2). Uni- 
versities exceed other categories, with pressure vessel and materials manufacturers 
giving the next highest levels. The small number (2) of manufacturers of pressure 
vessel equipment is misleading. Fourteen organisations including many large establish- 
ments manufactured pressure vessel equipment as a subsidiary activity but are classified 
in this analysis according to their main interest (para 3). Manufacture of equipment for 
pressure vessels appears to be a subsidiary rather than a main activity. 



9. Indication of proportions of the total R & D due to each type of organisation is 
possible using effort weighting (Annex B). On this basis the relative proportions of 
R & D change significantly (Figs. N(3 & 4)) from those shown by analysis of numbers 
of organisations (Fig. N(2)). Pressure vessel manufacturers produce the greatest amount 
of R & D, the manufacturers of materials the next largest and universities fall back to 
third place. Table N(3) summarises the relative output in terms of percentage of total 
R&D. 



10. This ‘league table’ order of the different types of organisations does not change 
between the two periods of time. However the total R&D effort forecast for 1967-71 
is 2,330 man-years compared with 2,130 man-years for 1962-6. Most types of organisa- 
tion show a small percentage decrease for the future in contrast with the higher expected 
output of the universities. The absolute (as opposed to percentage) efforts are however 
either constant or increasing. The significant increase expected in the output of the 
universities may be over-estimated; it is caused by eight departments anticipating an 
increase in their effort level from low to intermediate. The effort weighting adopted in 
the calculations increases from 5 to 25 and this fivefold increase is probably in excess 
of that likely to occur quickly even in an expanding university department. A list of 
SRC research grants current in the pressure vessel field in 1967 is given in 
Annex E. 
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man-yrs. 




36 
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TABLE N(3) 

Contribution of types of organisations as percentage of total effort 





1962-66 


1967-71 


Manufacturers of pressure vessels 


29-5% 


29-3% 


Manufacturers of materials 


22-0 


20*3 


Universities etc. 


16-2 


20-3 


Public corporations 


11-5 


11-3 


Industrial users of pressure vessels 


61 


6-0 


Government departments 


4-9 


4-5 


Research associations 


4-0 


4-5 


Inspection organisations 


3-7 


3-2 


Manufacturers of PV equipment 


1-4 


0-2 


Consultants 


0-7 


0-6 




100% 


100% 



11. The increase of overall effort in the future occurs despite the fact that only 107 
organisations forecast future effort compared with 129 currently active. Since the 
majority of those organisations not making a forecast were from the low effort level 
group the effort predicted for 1967-71 is likely to be underestimated by only a small 
amount. It is reasonable to conclude that planned effort on pressure vessel R & D will 
be at least 10% higher in 1967-71 than that expended in the period 1962-6. 

12 The contribution to R & D by the different effort levels is shown in Figs. N(3) and 
(4). A high proportion of R & D output by the pressure vessel manufacturers is con- 
tributed by the high effort level organisations. In 1962-6, 8 establishments produced 
19% of all R & D and, in 1967-71, 9 establishments are expected to produce almost 
20% of the total Manufacturers of materials and Public corporations have a lower 
fraction of their total output contributed by high effort level establishments. Because of 
the method of effort wei^ting used (Annex B) these proportions of total effort by high 
effort level organisations are probably conservative. Even so 17 organisations con- 
tribute 40% of the total pressure vessel R & D for both periods of time. The remainder 
of the R & D is shared between 112 organisations; if the ‘no replies’ and “no R & D’ 
replies to the questionnaire are all regarded as relevant to the industry and are included, 
then about 300 organisations can be regarded as carrying the remaining 60% of the 
total R & D. 
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13. A broad indication of the relative interest in the eight main subject areas on which 
information was sought in the first questionnaire can be obtained by taking the numbers 
of organisations working on any aspect (or sub-area) as illustrating interest in the 
subject ^ a whole. The relative popularity (Fig. N(5)) shows that R & D associated 
with design aspects attracts more organisations than any other subject and is followed 
closely by determination of data on materials. There is a gradual decrease in the number 
of organisations working on other subjects with the least number (1 5) of organisations 
working on techniques for manufacture of pressure vessels. This numerical analysis of 
R & D is shown, later in the present appendix, to give a good quantitative description 
of the relative intensity of R & D between different subjects. 

14. R & D on a given topic was requested with respect to four timescales ‘Past 

(since 1962)’, ‘Present’, ‘Immediate Future (sanctioned)’ and ‘Long Term Future’. 
The trend of popularity with respect to time is shown in Fig. N(5). The greatest number 
of orgamsations are working at the present time, with a gradual fall off to ‘Past’ and 
‘Immediate Future’ and a spectacular decrease for the ‘Long Term Future’. Although 
the total number of organisations giving effort forecasts for 1967-71 decreased by 22, 
16 of these did indicate in some sub-areas that R & D was planned for the future. The 
fall-off shown in Fig. N(5) in the number of organisations participating in R & D in 
each subject in the future, is greater than these overall numbers suggest ; this inconsis- 
tency is probably due to lack of detailed planning. This tendency for the number of 
organisations to decrease as time becomes more remote appears, with few exceptions 
for each sub-area and suggests that replies to the ‘Present’ are more accurate. In spite 
of the chMge in the number of organisations with time the relative popularity of the 
ei^t subjects is practically constant with time, the only significant relative decrease 
being R & D into techniques for manufacturing components. 

1 5. A more detailed picture of the relative effort applied to each problem is obtained 
by estimating the effort applied using effort index (Annex B). The effort index applied 
to rach topic is given in Armex C which includes a short discussion on the variations 
to be exp^ed over the period 1967-71 and on relative contributions of each type of 
or^isation to a topic. The overall pattern is broadly in line with that shown in Fig. 
rff5) and as further detailed in replies to the second questionnaire. The distribution of 
effort remains much the same over the period 1967-71. The only significant increase 
m effort forerast occurs with ‘R & D Associated with Design Aspects’ where stress 
analysis mvolving creep and plastic behaviour is increasing, and more effort is to be 
used on studies of failure criteria and the amount of laboratory testing. Significant 
decreases are expected for the development of ‘other non-ferrous metals’, techniques 
for assessing weldments, and elastic stress analysis. 

16. Detailed descriptions of R & D show that there is considerahle apparent 
duplication m the R & D undertaken by the pressure vessel manufacturers They 
predominate m the development of welding processes and substantial proportions of 
the total R & D are devoted to electroslag welding developments (7 organisations), 
developments m non-destructive testing and particularly ultrasonics (5 organisations), 
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tube to tube plate joints using various techniques (4 organisations), and strip cladding 
of vessels. There is almost certainly considerably more duplication in several 
organisations not giving sufficient detail for comparison. 

17. The duphcatioD of work in many cases is probably because of the need to keep 
abreast of the field especially with technical know-how and to gain commercial 
advantage. The results of R & D are, with very few exceptions, restricted to internal 
reports with the probable intention of commercial exploitation. This lack of dis- 
semination of information is imderstandable from the point of view of commercial 
advantage but further enquiry might be useful as to whether or not the gain is 
sufficiently long term to compensate for the replication of effort. Examples were 
received of what would have been unnecessary R & D if technical know-how were 
more widely disseminated. 

18. The subjects of interest to materials manufacturers are principally development 
of steels, both as plate and forgings, improvements in steel quality and the determination 
of data for the products. The results appear as trade publications, sales literature, etc 
and a significant proportion are fed into BSI for formulation of Standards. Publication 
is wider than in the pressure vessel industry and there is less apparent duplication of 
work. An exception occurs in the case of electrode manufacturers who tend not to 
publish. 

19. With the remaining types of organisations there is a significant change in research 
topics. There is progressively less tendency to develop materials and know-how for 
their use, and research into failure mechanisms and design concepts becomes pre- 
domumt. Coupled with this trend is a much increased number of publications in the 
open literature. About 70% of the quoted publications are from public corporations 
and government financed (partially or wholly) organisations. The majority of large 
s^e testing (model or prototype tests) is done by these categories of organisation. 
This may well be a reflection on the cost of such tests and the low possibility of immedi- 
ate commercial exploitation. Several organisations are carrying out theoretical and 
expenmental design studies although the extent (from quoted costs) is low. 

20. In summary it apprars that R & D by pressure vessel manufacturers is largely 
directed towards fabrication and inspection techniques; the work is rarely published 
entmls considerable duplication with competitors and is to a large extent aimeri at the 
avoidmce of difficulties and maintenance of a commercial advantage. Much of the 
work u related to short-term problems and procedure trials for immediate contracts. 
Matenals manufacturers concentrate on development of the product and collecting 
data and there is less restriction on publication. With public corporations and 
gover^rat financed organisations there is a greater proportion of the research directed 
to^ds basic imderstanding of failure mechani^ and design approaches, and 
publication of the work is usual. 
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Costs of R & D 



21. An approximation to the total cost of R & D can be obtained by taking the total 
averaged qualified ejffort values quoted in conjimction with an estimated cost of 
£8,000 per qualified man-year. On this basis the annual expenditure on R & D over 
the period 1962-6 has been of the order of £3*5M. The 10% increase in effort for 
the period 1967-71 (para 10) would be expected to raise the cost at least proportionately. 

22. It does not appear likely that significantly more accurate cost figures can be 
obtained. Using a cost factor of £8,000 per man-year the organisations completing 
the second questionnaire would have entailed a total expenditure of about £8*4M 
compared with the total costs quoted of £4- 6M. This discrepancy is due to a numbtt 
of factors, the most important of which is the incomplete cost figures (and probably 
incomplete returns of all R & D) given in the second questionnaire. 

23. The basis of costing R & D varies widely between organisations. Several 
organisations appear to be costiag on the basis of £l,000-£2,000 per man-year. 
Although this may be due to incomplete returns of R & D it is probable that some 
organisations are costing on the basis of salaries only or salaries plus direct charges 
only. Overheads will vary considerably depending on the organisation and the type 
of R & D. CEGB Annual Report figures, for example, show that salaries are 
responsible for only about 40% of the total cost of R & D. These salary figures 
include support staff so that the true percentage in terms of ‘qualified man’ salaries 
will be lower and probably in the region of 20-25 %. On this basis the assumed value 
of £8,000 per qualified man-year, which includes cost of supporting staff, direct 
charges and overheads, is probably of the right order for the majority of the industry; 
a lower figure almost certainly applies to university expenditure. 

24. Mention should be made of the diflBculty in costing pressure vessel R & D in 
industries with products not solely applicable to pressure vessels. The difficulty is 
most pronounced with materials manufacturers particularly steelmakers and electrode 
manufacturers). This means that any assessment of R & D costs of the pressure vessel 
industry as a whole is based on judgement of apportionment of costs. 

25. The annual estimated expenditure on R & D (effort at £8,000 per man-year) by 
those companies whose predominant interest is in manufacturing pressure vessels and 
chemical and engineering plant is of the order of £1M. This figure does not include 
companies which manufacture pressure vessels as a subsidiary activity. To this must 
be added the relevant R & D contributed by other organisations; an annual value of 
£2‘5M can be estimated on the basis of effort. There is little evidrace given in the 
second questionnaire to confirm this value. However, rough estimates may be obtained 
from Statistics of Science and Technology (HMSO 1967) where private industry spent 
£1 • 8M in 1964-5 on R & D relevant to ‘BoUer and Boiler House Plant’; to this should 
be added some fraction of £10* 5M on ‘Iron and Steel* and some fraction of other 
topics. These fractions cannot be quantified but they indicate that the total of £3 • 5M 
per annum is a reasonable estimate. 
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26. The survey gave the strong indication that many organisations either do not 
have an accurate basis for costing R & D or, if they have, the costs are not readily 
available. 
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Application of R & D 



27. The evidence obtained shows that the majority of the R «fe D which is undertaken 
has been applied to changes in production procedures, specifications or designs. 
Pressure vessel manufacturers essentially apply R & D towards improving fabrication 
techniques; the comment of one large fabricator that R & D ‘has resulted in either 
dianges to our current welding or fabrication practice or to new procedures for 
materials and processes new to our company* provides a good summary of the replies 
from all pressure vessel manufacturers. The changes or new methods resulted in 
improved quality and in some cases better economy. In several instances the work has 
been done to permit the company to enter a new field involving the use of a new 
material. A point often made is that R & D can avoid considerable loss to the company. 

28. The use of R & D to permit design and fabrication beyond normal design 
standard practice is mentioned by only two organisations and none of the intermediate 
or high effort level organisations quote the use of R & D specifically for this purpose. 

29. The materials manufacturers report that their R & D is largely applied to 
improvement of quality and optimisation of material properties and, as an objective, 
towards the selling of the product. This has led to the ‘production and marketing of 
a number of new steels’ which is stated to be following the general policy of keying 
‘one stage ahead of demand in every major application*. With other types of organis- 
ations there is a greater use of R & D to amend operational conditions and design 
philosophies against specific failure mechanisms with less emphasis on changes in 
techniques. Replies from universities in the intermediate effort level groups generally 
show little evidence of application. In contrast letters received from low effort level 
universities quote a number of examples of R & D used to modify and define designs of 
pressure vessels; most of these applications arise from work sponsored by industry. 

30. Few examples are given of the application of R & D findings obtained from other 
organisations, ithou^ one commented that ‘results (from other organisations) are 
applied in the same maimer as results which have been obtained within our own 
research organisation* is probably true of several other establishments. The use of 
external R & D was quoted by only 8 organisations. Six of these, including four 
pressure vessel manufacturers, had made use of R & D (or advice resulting from it) 
from BWRA. Other organisations mentioned, each once only, were: NCRE, NEL, 
PERA and UKAEA Reactor Materials Laboratory. Only one organisation used 
PVRC publications extensively. Taking into account the views of organisations 
regarding the PVRC in the USA (paras 46-51) it spears that the work already 
published by PVRC is not only not fully utilised but is also unknown to many 
organisations. 

31. Only one company made reference to advice and help received from industrial 
organisations. Acknowledgement was made to assistance from ‘suppliers of welding 
electrodes’, and the ‘aluminium industry — considerable assistance when requested*. 
On the debit side the same company had ‘received from them (the steel industry) 
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comparatively little information, with the exception of (one named steelmaker)’. In 
contrast the comments of two steelmakers are: ‘The harrier to the application of the 
research work does not therefore he in the attitudes of the production branches, but 
in the attitudes of the steel users’ ; and . our R & D has to be ‘customer end-use’ 
oriented. Therefore when a steel of ours is destined for pressure vessel usage we try to 
find out the precise nature of the job in order to estabhsh the precise material property 
requirements’. One diflSculty appears to be that of getting a view of the pressure vessel 
industries’ requirements (see para 43). With regard to the fabricators’ complaints, 
without detailed knowledge of the information (which was unobtainable) accurate 
comment cannot be made. However, comparing the different emphasis on R & D 
subjects between the two parts of the industry it is likely that the difference in attitudes 
arises from lack of communication on the problems created by fabrication and welding. 
If this is true then there must be doubts of the extent to which the steelmaker can 
develop relevant fabrication procedures in present circumstances. 

32. Comparatively little information was obtained on the financial gains arising 
from R & D. Only two organisations gave quantitative answers, the remainder were 
qualitative only (in terms of reliability, more economical production, abiUty to tender, 
etc.), with 12 organisations producing comments ranging from ‘it is very difiBcult’ to 
‘it is not possible to give details of financial gains from R & D’. It seems that for some 
R & D cost savings cannot be estimated. This would be expected with basic research 
but the evidence here is that most organisations have difficulty even with applied 
research. One or two organisations stated that financial gains could be spelt out but 
only with considerable effort. However, for the majority of organisations, it is clear 
that actual cost savings are just not obtainable. Thus a study of the cost-effectiveness 
of R & D cannot be made from the information to han^ and in most cases the 
necessary information is probably not obtainable. A parallel situation is evident in 
the costing of R & D. 

33. To summarise, much of the R & D has been applied to some degree but the galnc 
obtained from it cannot be assessed quantitatively. Very few organisations appear to 
make any attempt to obtain any form of profit and loss account of R & D. In the 
majority of industrial organisations R & D is carried out as an insurance to avoid 
loss, to keep ahead of demand for new processes or products and to give an effective 
trouble shooting service. The use of R & D obtained by other organisations does not 
appear to be great and that produced by BWRA (now the Welding Institute) is the 
only R & D quoted as being applicable to any significant extent. Interchange or 
application of R & D between industrial organisations is small, probably restricted 
by lack of publication of results, and there is evidence that the lack of a unified 
approach between steelmakers and pressure vessel manufacturers presents a form 
of barrier to the application of R & D. 
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34. The intermediate and high effort level organisations were asked to give details of 
the main fields in which more R & D should be undertaken during the next five years. 
The suggestions have been gathered together imder general headings (althou^ there is 
some overlap between subjects) and are listed in Annex D. Each sub-topic is arranged 
in approximate order of popularity, the number following indicating how many organ- 
isations have suggested the topic. There were a large number of suggestions, no doubt 
encouraged by the lack of restriction on where the R & D was done and many organisa- 
tions noted that they could not tackle the problems and that many were beyond the 
scope of any single organisation. 

35. R & D related to design aspects produced more sug^tions than any other topic, 
confirming the relative balance between subjects shown in Fig. N(5). There is a strong 
demand for work leading to rationahsation of design for flanges, nozzles and fittings. 
This is almost entirely from pressure vessel manufacturers with support from one 
university, the general comment being that several design methods exist and the most 
economic is not necessarily used. Advanced stress aimlysis methods are required to 
cope with geometrical discontinuities, multiaxial loading and creep and fatigue. One 
company believed that general facilities should be developed for ‘reliable, accurate and 
fast theoretical analysis* which can be used to rationalise codes of practice, and which 
left the designer free to concentrate on the general design approach and details. These 
‘advanced methods’ to some extent duplicate other specific proposals for low cycle 
fatigue, creep, plastic and limit analysis. 

36. In the welding field priority is suggested for assessment of the behaviour of welded 
joints. In several instances the development of a test which can accurately predict the 
behaviour of plate, weld metal and weld embrittled regions is proposed The main 
criterion proposed is relative to brittle failure but creep, fatigue and corrosion are also 
considered worthy of investigation. Large scale development directed towards applying 
the newer welding methods to practical production is suggested along with the use of 
the proposed test to assess the suitability of any new method. Methods for the pro- 
duction of fine grained electroslag welds would aid economical production; it might be 
noted that this work is not proposed by those pressure vessel manufacturers already 
engaged in development in this field. General development is called for on automatic 
processes for specific applications and on improved consumables. One large fabricator 
suggested that ‘For the manufacturer of the thinner range of pressure vessels, reports 
of a practical nature dealing with the available and developing welding processes’ 
would offer hopes of making industry more competitive: such practical reports hardly 
seem likely to be forthcoming from an industry reluctant to publish, especially where 
know-how is involved, 

37. R & D directed towards an xmderstanding of the significance of defects has been 
proposed by practically every type of organisation and, in terms of numbers, leads all 
other subjects. Badcground knowledge relative to brittle, creep or fatigue failure is 
involved but the application of quantitative data would lead to more realistic inspection 
standards, with possible economic advantages. The main emphasis is on defects in 
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welds and fabricated structures. Relatively few suggestions are made as to how this 
understanding can best be achieved but general test programmes are suggested from 
which the standards could be defined and also the use of prototype testing and cor- 
relation with service experience. The fear that inspection standards for steel products 
are too rigorous is expressed by two steelmakers, particular mention being made of 
defect limitations in the body (non-welded area) of the plate. Coupled with the under- 
standing of defects is the ne^ to develop NDT methods. Several organisations favour 
the development of ultrasonic methods although most other methods are mentioned 
and stress is laid on the practical application relative to pressure vessels. 

38. Rationalisation of inspection methods and practice is suggested as being necessary 
to inCTease competitiveness abroad and raising efficiency. One organisation considers 
that ‘competitiveness abroad could be assisted by making shop inspection by an 
independent authority mandatory in the relevant BS and possibly augmenting this with 
the Factories Act’. Another advocates a similar system to the AID inspectorate and 
‘also that the qualification standards, tr ainin g and updating of pressure vessel inspectors 
should be the responsibility of the central pressure vessel authority’. Both organisations 
present strong views on the lack of efficiency and confidence in the existing diverse 
system. Another organisation comments that one body should be responsible for rule 
making and interpretation of standards. 

39. Collection of material data remains as a popular suggested activity. Fatigue and 
the interaction of creep and fatigue account for a substantial proportion of the unknown 
quantities. In agreement with their current R & D programme, pressure vessel manu- 
facturers make comparatively few proposals under these headings. Requests for a 
better definition of material properties of interest to the pressure vessel manufacturer 
are made by four steelmakers; this is discussed further in para. 43. 

40. The demand for development of new materials is apparently small; this contrasts 
with the comparatively large effort predicted by all types of organisation in the first 
questionnaire. However in this grouping only new materials are considered and sub- 
stantial development of existing materials is probably proposed. New materials are 
suggested mainly by users and relate to higher strength weldable structural steels and 
to the need for improved quality. A deterrent to the use of new materials is the scale of 
*work necessary to relate the properties of a new steel welded in various ways to the 
various forms of service failure’. This and similar problems of general acceptance — by 
inspection authorities, insurers etc. probably account for the comparatively small 
interest in new materials by pressure vessel manufacturers. 

41 . Relatively little enthusiasm exists for R & D on fabrication problems or new types 
of vessels although individual viewpoints on these may be as strong as on more popular 
subjects. Most of the proposals are aimed at improved economy, with a steelmaker 
adding a plea for the development of fabrication methods for quenched and tempered 
steels. The small amount of interest in novel techniques for manufacturing vessels (ie 
such aspects as multilayered vessels rather than weld procedure development) is in 
accord with the low effort currently applied to this subject (Annex Q. 

42. Rationalisation of material and design standards is called for by pressure vessel 
manxifactUTCTS, materials manufacturers and an insuring body. The ultimate objective 
of a universal standard is sought with the belief that this could be achieved by universal 
recognition of ISO requirements. Economy would result since a ‘pressure vessel manu- 
facturer may be called upon to work to any one of them’ and ‘if factors of 4 exist in the 
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thickness of steel to be used . . . the design and theory of pressure vessel construction 
needs to be developed much further*. Many of the detailed design aspects discussed in 
para. 35 and other comments, for example, on the need to standardise testing techniques 
and on the inadequacy of recent design standards, lend weight to the need for more 
uniformity. 

43. Ihrobably the most important of the topics is the dissemination of information on 
R & D. A university department comments that efficiency would be raised ‘if informa- 
tion which has been available for anything up to a century could be disseminated 
among . . . some of our manufacturing coinpanies*. A manufacturer believes that a 
central translating authority of foreign standards and technical information would 
reduce duplication of effort. While this general lack of communication may result in 
inefficiency it appears that a pressing current problem is the lack of appreciation of 
the needs of other types of organisations in the industry. A fabricator’s complaint of 
receiving comparatively little information from the steelmakers is county-balanced by 
four steelmakers asking for a definition of the pressure vessel industry’s requirements 
of a steel. The fabricator in turn comments ‘there is an urgent need to identify the 
needs of end-users in the future’ ; such information could be used to establish essential 
R & D programmes for all types of organisation. If these views reflect the opinions of 
the majority of the industry then there is an urgent need for a forum where all require- 
ments of the industry can be discussed. 

44. Several conclusions can be drawn from the proposals made. In general the dis- 
tribution of tl^ subject matter is not dissimilar to the R & D proposed by all types of 
organisation (Fig. N(5)). However, the greater freedom (of not being committed to do 
the work) has moved the emphasis on some topics. In particular large scale R & D 
necessary, for example, in understanding the significance of defects, in standardisation 
of design standards in rationalisation of design of pressure vessel fittings and in develop- 
ment of newer welding techniques has been stron^y supported. Some half dozen 
organisations suggested that much of this could be done by prototype or model testing, 
recognising that this work was generally beyond the capabilities of any single organisa- 
tion. 

45. The proposals made in the second questionnaire give similar major topics re- 
quiring inv^tigation to those found by Fessler and Stanley(^) who used a much 
smaller sample in deriving their statement of problyns. The tr^d in the present 
analysis, to lay greater emphasis on problyns related to welding and to ddects, is 
probably due to the greater representation of pressure vessel manufactures and the 
proportionately lesser representation of the universities. In discussions to the Fessler 
and Stanley paper, where the out-of-balance of manufacturers was somewhat redressed, 
more emphasis was laid on such topics. The difference in viewpoint between uni- 
versities and manufacturers was brought out in discussion of the paper and again 
highlighted the need for communication of information. This was not agreed in the 
discussion but the evidence pryented in this survey is that improvemyit in dissemina- 
tion of information is essential for effective R & D. In conclusion it mi^t be noted 
that where there are increases in the extent of R & D proposed for the future (Annex C 
and para. 15) the subjects are coincident with the more popular proposals in this 
questionnaire. Thus to some extent work is being directed where it is most needed. 

(1) H. Fessler and P. Stanley: ‘Current Pressure Vessel Problems’ and discussion lOlh 
January, 1968. Proc. Inst. Mech. Eng. Vol. 182, Part 3F. 
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Views on the formation of a UK organisation similiar to PVRC 



46. Opinions were obtained from 39 of the larger organisations on the possible 
benefits to the UK pressure industry from the formation of an organisation similar to 
^e USA Pressure Vessel Research Committee (see Annex F). Thirty-one organisations 
including all pressure vessel manufacturers, considered that such an organisation would 
benefit the industiy and only three companies felt it would be of little value. These three 
objected essentially on the grounds that it would involve duplication with existing 
committees and confuse attempts to rationalise UK standards, and that it would 
proliferate inefficient committee control of the industiy. 

47. Seventeen of the organisations thought that such an organisation should provide : 

(a) technical planning of collaborative R & D work, 

(b) financial assistance and control of such work, 

(c) dissemination of information. 

Comment on these three possible functions was requested from each organisation. 
Reservatit^ were expressed by some on the advisability of technical planning of 
collaborative R & D work, particularly in detail. 

48. Many views were given on the possible structure of a PVRC and its relationships 
with other organisations. Ten organisations made suggestions falling within one of 
the following categories; (1) to work in conjunction with standards organisations, 
(2) an extension to an existing research association, (3) under the control of one or 
more of the Engineering Institutions. 

49. Several proposals stressed the need for co-operation with (or even combination 
with) standards organisations so that research could be rapidly assimilated into design 
standards. Support for this view was also given in proposals for R & D (Chapter 6) 
relating to design features and standards. One company considered that in addition to 
PVRC functions the or^nisation should undertake ‘rule-making and the co-ordination 
of the action of insurers regarding their interpretations of design standards and in- 
spection processes’. 

50. The majority view on financing a PVRC organisation was that costs should be 
sharM, not necessanly equally, between Government and industry. Minority and 
conflicting viewpoints were from a large fabricator that it should be by Government 
linance alone— . . the volume of work calling for such expenditure is not very great’, 
and from a steelmaker that it should be by finance from the pressure vessel industry 

u ' Pressure vessel industry will take greatest cognisance of results for 
which It has had to pay to obtain’. Very few comments were made on possible mechan- 
isms for raismg the finance from industry. 

51. It IS concluded that there is a very strong support for an organisation functioning 

similmly to PVRC. Taking the majority view such a committee would be financed by 
both Government and Industiy and would be closely integrated with standards writing 
bodies. " 
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SecoDd questionnaire 



Question 1. Please give a brief description of each item, giving where possible an 
approximate estimate of qualified effort and/or cost, of the principal 
areas of R & D work related to pressure vessels, their materials or methods 
of fabrication, in which your organisation has been engaged over the 
period 1962-6 and/or in which your organisation is currently engaged. 
Please indicate, with references, how much of this work has been pub- 
lished either in the open literature or circulated to collaborative 
organisations within the industry, eg trade organisations, research 
associations, standards bodies, etc. 

Question 2. Please give details of examples where the results of R & D obtained from 
your own organisation or other (named) organisations Research 
Associations), have been applied within your own organisation. Please 
indicate where the R & D has led to changes in standards or procedures 
and if possible give information on the financial gains or improvements 
in quality obtained as a result of any R D project. 

Question 3. Give details of the main fields in which you would like to see more 
R & D done in the period 1967-71. Do not hmit your replies to problems 
which can be tackled within your own organisation. Please indicate after 
each item whether you propose such work: 

(a) to raise eflBciency in the PV industry, 

(b) to ku^ease competitiveness abroad, 

(c) to increase the quality or to reduce the possibility of failure of 
the product, 

(d) to provide background information. 



Question 4. Do you consider that the UK pressure vessel industry would benefit from 
the formation of a similar organisation to the USA Pressure Vwsel 
Research Committee. If so please indicate whether you think it should 
provide: 

(a) technical planning of collaborative R & D work, 

(b) finandal assistance and control of such work, 

(c) dissemination of information. 

Have you any views on how the PVRC organisation could be adapted to 
UK conditions ? 



335 



Printed image digitised by the University of Southampton Library Digitisation Unit 



ANNEX B 



Methods adopted to obtain estimates of effort 



Effort weighting 

1. An estimate can be obtained of the overall effort on pressure vessel R & D for pafii 
of the two periods 1962-6 and 1967-71. This is made by multiplying the number of 
organisations by a wei^ting factor based on answers to the questionnaires. Average 
man-years have been taken for the low and intermediate effort levels (para 2) organisa- 
tions. For the high effort level organisations (> 50 man-years over 5 years) no upper 
bound of effort was specified and hence any average figure taken would be conjectural. 
For this high effort level the minimum effort of 50 man-years has been taken, this 
conservative value being considered preferable to overestimating effort to an unknown 
extent. Thus the applied effort for each of the low, intermediate and high effort level 
or^msations has been taken as 5, 25 and 50 man-years respectively for each 5 year 
period. The accuracy of computations based on these applied effort levels depends on 
the assumption that the averages taken are reasonable and that replies were obtained 
fix>m all orgamsations active in R & D related to pressure vessels. 



Effort index 

2. Ideally this survey should permit an indication not only of the overall R & D but 
also the effort (^pressed in man-years or similar units) directed towards any research 
topic.. Information from the present survey is insufficiently detailed to do this accurately 
since in the interests of simplicity the questionnaire did not ask for the overall effort of 
an or^nisation to be broken down to the efforts applied on individual topics. Con- 
sideration of numbm of organiptions gives only a crude impression of the effort 
oqrended on a particular topic since the contributions made by individual organisa- 
tions vary between wide limits. To permit some indication of effort, the numbers of 
orgmrisations have been multiplied by the factors detailed here to give an ‘effort index’ 
Eadi subarea has b^ wei^ted by a factor of 5, 25 and 50 respectively for each low, 
mtermediate and high level organisation indicating work done or proposed. For 
work carried out in the ‘p^t’ and ‘present’ the overall effort level quoted for 1962-6 
has ten used ; for ‘immediate future-sanctioned’ and ‘long term future’ the effort level 
for 1967-71 has been used. In several replies no estimate has ten made of the effort 
expected m 1967-71 although replies in subareas indicate that work is proposed in this 
m these mstances the effort level quoted for 1962-6 has ten assumed to apply 
for ae penod 1967-71. The ‘effort index’ in each subarea is produced by dividing ae 
product of ae number of organisations and aeir respective average effort by 46 (the 
number of subareas covered). This produces a convenient two-agit number the 
accur^ of wbch is not precisely known. The major errors are due to ae assumption 
that the effort contnbuted by each organisation in each subarea is one forty-sixth part 
m ttei^veiall effort and the assumption that work m each subarea demands identical 
alort. The error due to the first could be reduced by avidmg ae average effort by ae 
ni^ber of areas m which work was proposed; however this is not considered wora- 
while smce ae second assumption would probably override any mcreased accuracy 
(work on expenmental stress analysis, for example, requiring much greater effort rfan 
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tensile testing). It should be emphasised that ‘effort index’ is a crude approximation 
the worth of which is solely to permit some indication of relative efforts between 
subjects on which several organisations are applying widely differing effort levels. 
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Effort applied to each subject 



1. The number of organisations and the effort applied (in terms of effort index) have 
been examined for each sub-area. The data given in this survey have not been broken 
down in terms of number of organisations of each type, or in each effort level category 
or with respect to time. Areas are arranged in approximate order of decreasing effort 
and the discussion of each is prefaced by listing the sub-area with the effort index and 
number of organisations currently engaged in R & D. Changes (with time) greater than 
2 in effort index or 5 % in numbers of organisations have been taken as significant. The 
criterion used is a comparison of ‘present’ with the maximum of either ‘immediate 
future’ or ‘long term future’. The latter is compared only when it does not show the 
usual rapid fall off. Limitations on the validity of comparison of effort indices remain as 
discussed in Annex B. 



2. Area 5. r & D associated with design aspects 





Effort 


No. of 




index 


organisations 


Stress analysis 


Elastic 


27 


55 


Plastic 


19 


36 


Creep 


12 


26 


Studies aimed at establishing relevant failure criterion: 


Fast and brittle fracture 


20 


31 


Fatigue (endurance and low cycle) 


19 


34 


Creep 


16 


26 


Yield and bursting 


23 


38 


Relationship of defect size to failure condition 


12 


20 


Application of computer techniques 


21 


39 


Type of work involved in above studies: 


Theoretical 


28 


56 


Laboratory tests on specimens 


29 


56 


Tests on model or full size componaits or vessels 


28 


53 



3. The three final sub-areas in para. 2 qualify the type of work involved and represent 
a summation of work on the other topics. Both in terms of numbers of organisations 
and effort, work on design aspects of pressure vessels appears to be equally divided 
between theoretical work, specimen testing and model testing. An increase in the effort 
devoted to specimen testing (to effort index 32) is predicted for the immediate future 
although the number of organisations participating will decrease slightly. The effort 
index for both theoretical work and model testing remains constant with time. Apprecia- 
tion of the significance of the numbers of organisations and the magnitude of the effort 
index may be assisted by recording that these values repr^ent the highest obtained in 
any sub-area. 
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4. Elastic stress analysis is done by a large number of organisations and has a high 
effort index. Plastic stress analysis is less and there is considerably less effort applied to 
analysis in the creep range. However both plastic and creep analysis show an increase 
in effort predicted for the future. Creep analysis increases to an effort index of 15 for 
both immediate and long term future; plastic analysis decreases shghtly for the im- 
mediate future and non-typically increases significantly for the long term future, to an 
index of 22. In both cases these increases are accompanied by a slight decrease in the 
number of participating organisations. Reduction in the predicted amount of elastic 
stress analysis equates it to the effort index expected for plastic stress analysis. 

5. Work aimed at establishing failure conditions is at a fairly high level. Studies of 
defect size and creep are the least popular aspects at present but increases in work are 
predicted for both, the effort indices rising to 15 and 19 respectively. The creep work 
thus confirms the increase in creep stress analysis forecast. All other work on failure 
conditions remain constant over the period under review. 

6. Computer Techniques are used by about 75% of the organisations interested in 
Design Aspects, although in terms of all organisations involved in R & D only about 
30% are using computer techniques. The effort remains constant for the future but an 
unusual feature is that the ‘present’ effort is significantly greater than that for the ‘past’. 

7. Universities, pressure vessel manufacturers and public corporations provide the 
greatest number of organisations working in this field. With one small exception the 
R & D activity of consultants is limited to theoretical aspects of stress analysis. The 
categories of organisations do not change significantly with time but the total numbers 
at the low effort level decrease markedly in the future (this trend is consistent through 
all areas). The large effort applied to the subject as a whole is due to the high proportion 
of high effort level organisations. 



8. Area 2. Determination of data on pressure vessel materials 





Effort 


No. of 




index 


organisations 


Yield and tensile strength at temperature 


27 


49 


Creep and rupture 


25 


46 


Fatigue (endurance and low cycle) 


16 


29 


Fracture toughness 


23 


40 


Corrosion and oxidation 


19 


35 


Properties of weldments 


24 


39 



9. The effort devoted to fatigue and corrosion is less than for the other subjects, all of 
which are running at an approximately equal level. These experimental determinations 
take up more effort, and interest more organisations, than ‘Studies aimed at establishing 
relevant failure criterion’ (Area 5). The greatest difference exists in creep and rupture 
where the effort on determination of properties is about 50% greater t han that applied 
to studies of failure criteria. Determination of data appears to be taking an approxi- 
mately constant level of effort over the whole 10 year period under review. The number 
of organisations proposing to work in the future on determination of tensile, creep and 
rupture properties decreases but this is not accompanied by an appreciable decrease in 
effort. 
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10. The materials manufacturers have the greatest numher of organisations active in 
all of these topics except fracture toughness and properties of weldments where pressure 
vessel manufacturers take the lead. The spread of the work between other categories 
or organisations is fairly uniform except for properties of weldments where, in addition 
to pressure vessel manufacturers doing most of the work, the contribution of the 
universities has decreased significantly, only one department showing interest. 



11. Area 1. Development of materials for pressure vessels 





Effort 


No. of 




index 


organisations 


Laboratory investigations 


25 


43 


Prototype or production studies 


14 


22 


Mild and low alloy steels 


24 


40 


High alloy steels and stainless steels 


21 


35 


Aluminium alloys 


2 


4 


Other non-ferrous metals 


7 


13 


Other materials 


7 


13 


Weld metals 


15 


23 


Cladding materials 


9 


13 


12. The ratio of laboratory work to 


production studies is about 2:1. 


The total number 



of organisations and the number at a constant effort level change in the same proportion, 
but the proportion varies by type of organisation. Industrial users of pressure vessels 
split their effort almost equally between laboratory and production work; materials 
manufacturers give a ratio of 5:3 and pressure vessel manufacturers approach the ratio 
of 2 : 1 . All other categories have not more than one organisation working on production 
studies. The balance does not change in the future although the production work 
sanctioned for the immediate future decreases slightly whereas the laboratory work 
remains at the same level as at present. 



13. The greatest effort by far is concentrated on steels, mild and low alloy steels 
taking slightly more effort than high alloy and stainless steels with materials manu- 
facturers providing more effort than any other category of organisation. Pressure vessel 
manufacturers lead in the deveiopment of weld metals with materials manufacturers 
^d pressure vessel users providing the only other significant contribution. This trend 
is similar to that found for determination of properties of weldments (para 10) again 
only one university department being engaged in this field. Development of cladding 
mateials takes up less effort and has similar sponsors to work on weld metals although 
pressure vessel users are less achve. Development of non-ferrous alloys and other 
materials is occupying very few organisations and takes a correspondingly low effort, 
the bulk of which is provided by pressure vessel manufacturers rather than, as in the 
case of steels, by materials manufacturers. ‘Other materials* are developed by a com- 
paratively large number of universities; but details of these materials were not given. 
The effort for development of all materials generally continues at the existing levels. 
The one exception is the decrease expected for ‘other non-ferrous alloys’ ; again details 
of the materials were not given. 
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14. Area 3. Development of ^’elding processes and equipment for pressure 

vessels 





Effort 


No. of 




index 


organisations 


Laboratory investigations 


22 


34 


Improvements in currently accepted techniques during 
production 


19 


33 


Development of new techniques for production 
application 


17 


29 



15. The effort devoted to laboratory investigations is only slightly greater than that 
devoted to other aspects (in contrast to the balance in Materials Development). The 
effort and number of organisations is virtually constant over the ten year period. There 
is a high proportion of high effort level organisations engaged in the work and pressure 
vessel manufacturers greatly outnumber all other categories of organisation. Uni- 
versities, Government departments and inspection organisations provide little or no 
effort for most of the topics. 

16. Mention should be made of the low level of effort (one organisation) supplied by 
manufacturers of pressure vessel equipment; this is because of the method used to 
classify organisations. If ‘manufacturers of pressure vessel equipment’ was taken as the 
main category for each organisation including this as a description of their organisation, 
then a total of 14 organisations could be included. Of these 6 are working on this topic 
and contributing an effort index of 4 to each sub-question. On this basis equipment 
manufacturers can be regarded as producing about 20% of the total R & D on this 
subject. Equally, electrode manufacturers are classed as ‘manufacturers of materials’ ; 
thus their development work on welding processes will be included under this heading. 



17. Area 4. Development of quality control techniques 





Effort 


No. of 




index 


organisations 


Laboratory investigations into new NDT techniques 


21 


30 


Techniques for improved control of material quality 


17 


27 


Techniques for assessing weldments 


20 


26 


Improvement in currently accepted techniques during 
production 


18 


28 


Development of new techniques for production 
application 


18 


24 


Development of equipment 


12 


17 


Assessment of NDT techniques eg defect sensitivity 


19 


30 



18. Rou^y equal amounts of R & D related to quality control are devoted to each 
topic except that of development of equipment. The main effort on equipment is 
provided by pressure vessel manufecturers and, to a lesser extent, by materials manu- 
facturers. As with the development of welding processes, some quality control equip- 
ment manufacturers are contained under these headings and the apparoit low con- 
tribution is misleading. However, the R & D applied to equipment development for 
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quality control is comparatively low ; this could be due to the omission of manufacturers 
of scientific instruments from the distribution of questionnaires. The remainder of the 
topics are covered to some extent by most categories of organisation with pressure 
vessel manufacturers heading the list. 

19. The effort predicted for the future is approximately the same as that currently 
employed. The only exception is that for Techniques for Assessing Weldments’ where 
the effort index relating to the immediate future is just significantly less than that for 
the present. This contrasts with other work on development of weld metals and testing 
of weldments for which the effort index remains constant with time. 



20. Area 6. R & D into techniqties for manufacturing components 





Effort 


No. of 




index 


organisations 


Laboratory trials 


21 


32 


Works trials related to improvements in accepted techniques 


14 


22 


Works trials and prototype studies of new techniques 


14 


20 



21. Effort indices in this and subsequent questions are at relatively low values. Lab- 
oratory trials occupy 50% more organisations than works trials, a lower ratio than was 
found in Materials Development (para. 13), but higher than that found in Development 
of Welding Processes (para. 15). The effort devoted to trials in ‘currently accepted 
techniques’ is identical to that for ‘new techniques’. The equivalence of R & D effort 
between ‘new’ and ‘currently accepted’ techniques is also found in Welding Processes 
(para. 15), Quahty Control (para. IS) and Manufacture of Pressure Vessels (para. 24). 
In several instances the organisations contributing to new techniques differ from those 
concerned with improving existing techniques. 

22. Future R & D on component manufacture involving works trials is expected to 
remain at the present level of effort. A significant decrease is forecast for laboratory 
trials in terms of both reduction in effort and numbers of organisations. 



23. Area 7. R & D into techniques for the manufacture of pressure vessels 

Effort No. of 
index organisations 

Laboratory investigations 6 j 2 

Works trials related to improving currently accepted 
techniques 7 jq 

Works trials and prototype construction related to new 
techniques 7 12 

2A The overaff effort applied to this subject is extremely small. The division of 
laboratory investigations covers universities, public corporations, materials manu- 
facturers,^ pressure vessel manufacturers and pressure vessel users in equal numbers. 
Works trials are left largely to the pressure vessel manufacturers and materials manu- 
facturers, the former contributing about two-thirds of the effort. The level of R & D 
IS expected to stay constant. 
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25. Area 8. Other R & d work relevant to pressure vessels not covered by above 



Effort No. of 
index organisations 

Assessment after installation on site 13 21 

Production engmeering techniques for improving 
manufacturing economy 7 14 

Other aspects 2 3 



26. Assessment on site is carried out by a wide range of organisations; users and 
manufacturers of pressure vessels are numerically equally prominent. In the future the 
effort and number of organisations will remain at the present level. Production engin- 
eering techniques are investigated by 14 organisations, 11 of these being pressure 
vessel manufacturers. Since only 2 of these organisations are in the high effort levd 
group, the effort applied to production engineering is low. There is a slight increase in 
planned effort for the imm ediate future; this is entirely due to 2 organisations proposing 
to increase their overall effort from the intermediate to the hi^ effort level in this 
period and hence does not necessarily represait a large change of applied effort on 
production engineering. 
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Suggestions for subjects requiring more R & D in the period 
1966-71 

A. Design and stress analysis 

(No. of 
organisations 
noting subject) 

Al. Improvement and rationalisation of flange design 5 

A2. Rationalisation of nozzles and fittings 5 

A3. Advanced theoretical stress analysis (backed up with materials 

data) 4 

A4. Low cycle fatigue 5 

A5. High temperature design (creep, fatigue and interaction, thermal 

stresses) 3 

A6. Plastic stress analysis 2 

A7. Individual proposals; design of vessel supports; computer pro- 3 

grammes; design of large bore closures (1 of each) 

B. Welding developments 

Bl. Assessment of behaviour of welded joints (toughness, high 

temperature properties, fatigue, corrosion) 6 

B2. Application of newer welding methods (electron beam, laser, 

plasma arc, friction) 4 

B3. Electro-slag welds without normalising (fine grain weld) 4 

B4. Limits necessary in post-weld heat treatment (metallurgical and 

residual stress) 4 

B5. General welding development (improved consumables, automatic 

processes) 3 

B6. Individual proposals: low temperature tough weld metal; 

automatic welding of nozzles; more precise determination of 
weldability’; weldability in thick sections without preheat; 
local stress relief; build-up of stresses during welding; causes of 
welding defects ; testing dissimilar metal joints ; practical reports 9 

on welding thinner pressure vessels (I of each) 

C. Inspection and defects 

CL Understanding of significance of defects (welds and base 

materials) j2 
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(No. of 
organisations 
noting subject) 

C2. Development and application of NDT methods (mainly 

ultrasonic) g 

C3. Rationalisation of inspection systems 2 



D. Material data 

Dl. Ineraction of fatigue and creep (including multiaxial stressing, 
prototype testing) 

D2. Fracture toughness (fracture mechanics and brittle fracture) 

D3. Fatigue data (including welded joints) 

D4. Better definition of materials properties for use in pressure 
vessels 

D5. Hydrogen embrittlement 

D6. Individual proposals: standardisation of tests; fatigue of thick 
tubes; properties of large forgings; accumulation of data on 
properties of forgings ; stress corrosion behaviour of high strength 
steel; data on collapse of vessels during heat treatment 



8 

6 

4 

4 

2 

6 

(1 of each) 



E. Materials development 

El. Weldable high strength material (quenched and tempered and 

> 50 tsi steels, ‘materials’, and forgings) 5 

E2. Individual proposals : creep resistant and thermal shock resistant 

materials; improved cleanliness and homogeneity of structural 2 
steel (1 of each) 



F. Fabrication methods 

FI. Forming operations (using materials properties) 2 

F2. Individual proposals: forming methods for quenched and 
tempered steels; cheap fabrication methods; for ming of 
branches; manufacture of tube plates; methods for use of 5 
high strength/weight non-ferrous alloys (1 of each) 

G. New pressure vessels 

Gl. Multilayer vessels 2 

E. Design standards 

HI. Rationalisation of materials and design standards 5 
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(No. of 
organisations 
noting subject) 

H2. Individual proposals: design standards for external pressure 2 

design; high temperature design basis (1 of each) 



J. Miscellaneous 

Jl. Individual proposals: dissemination of information; translation 
service esi>ecially foreign standards and technical information; 
strain measurement techniques; information on future needs 4 
of end-users each) 
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Science Research Conncil: list of grants (as at March 1967) 
supporting work in the field of pressure vessels 



1. Pressure vessel design and behaviour 



Dr. F. A. Leckie 
Cambridge University 



Dr. P. Stanley 
Nottingham University 

Dr. L. E, Culver 
ICST (London) 

Dr. H. Fessler 
Nottingham University 

Mr. C. Ruiz 
Sheffield University 

Mr. C. Ruiz 
Sheffield University 



Dr. C. E. Turner 
ICST (London) 



‘Preparation of Design Data for Pressure 
Vessels and Other Structures’ 

£3,800 over 3 years 

‘Stresses at Oblique Holes in Thick Plates* 
£3,300 over 3 years 

‘Expanding of Tubes into Water-Tube Boilers’ 
£1,000 over 1 year 

‘Stresses and Deformations in Taper-Hub 
Flanges’ 

£9,200 over 3 years 

‘High Strain Fatigue and Incr^ental Col- 
lapse of Pressure Vessels’ 

£1,700 over 3 years 

‘Application of Limit Analysis to Designing 
Reinforced Openings in Pressure Vessels’ 
£1,700 over 3 years 

‘Design Applications of Computer Prog- 
rammes of Elastic-Plastic Stress Analysis’ 
£8,700 over 3 years 



DESIGN AND BEHAVIOUR TOTAL= £29,400 



2. Material properties 

(of interest, but not restricted to the field of pressure vessels) 



Prof. J. M. Alexander and 
Dr. G. B. Webster 
ICST (London) 



Prof. W. Johnson 
UMIST 

Mr. W. W. Mackie 
Glasgow University 



Mr. B. A. Marlow 
UCSW (Cardiff) 



‘Precise Predictions of Time-T^perature- 
Dependent Behaviour of Engineering Com- 
ponents’ 

£50,000 over 4 years 

‘Biaxial Creep Testing’ 

£8,900 over 2 years 

‘Two Aspects of tl» Creqp Behaviour of 
Metals’ 

£8,800 over 3 years 

‘Deformation and Stress Redistribution in 
Simple Stress Systems due to Creep’ 

£4,900 over 3 years 
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Prof. J. L. M. Morrison 
Bristol University 


‘Fatigue of Metals subjected to Triaxial 
Stress’ 

£9,600 over 4 years 


Dr. R. L. Apps 
COA Cranfield 


‘Relation between Metallurgical Structure and 
Properties of the Weld Heat-Affected Zone in 
Low Alloy Steels’ 

£10,000 over 3 years 


Prof. B. A. Bilby 
Sheffield University 


‘Elastic and Plastic Fields Round Inhomo- 
geneities’ 

£20,000 over 3 years 


Prof. B. Crossland 
Queen’s University (Belfast) 


‘Correlation of Creep of Thick Walled 
Cylinders under Internal Pressure with Ten- 
sion and Torsion Creep Data’ 

£16,500 over 5 years 


Prof. B. Crossland 
Queen’s University (Belfast) 


‘Metallurgy of Explosive Welding’ 
£22,500 over 3 years 


Prof. H. Ford and 
Dr. C. E. Turner 
ICST (London) 


‘Fracture Mechanics’ 
£29,700 over 4 years 


Dr. P. Hancock 
Glasgow University 


‘Effect of Atmosphere on the Mechanical 
Properties of Materials at High Temperatures’ 
£18,700 over 2 } years 


Dr. R. Kennedy 
Strathclyde University 


‘Effect of Vanadium Additions on the 
Strength and Fracture Properties of Steel’ 
£6,200 over 3 years 


Dr. R. N, Parkins 
Newcastle University 


‘Stress Corrosion Cracking of Low Carbon 
Steels’ 

£13,000 over 3 years 


Prof. N. P. Fetch 
Newcastle University 


‘Brittle Fracture of Metals’ 
£121,500 over 5 years 


Prof. A. L. Roberts 
Leeds University 


‘Mechanisms of Delayed Fracture and Creep 
at High Temperatures in Ceramics for Engin- 
eering and Chemical Engineering Uses’ 
£13,800 over 3 years 



MATERIAL TOTAL= £354,800 



3. The above research may be compared with the overall level of support by 
the SRC in the various fields of engineering (490 grants totalling £5*4M) and in 
metallurgy and materials (196 grants totalling £2*4M), both figures referring to 
grants current as at March, 1967. 
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Notes on the Pressure Vessel Research Committee of tiie USA 

Source: PVRC annual report for 1967 



1. The Pressure Vessel Research Committee was organized in 1945 by the Welding 
Research Council. The function of PVRC is to sponsor co-operative research on 
nonproprietary problems in the pressure vessel field that are of current and future 
importance to industry and standards writing bodies. 

2. PVRC receives financial support from a number of individual companies con- 
cerned with pressure vessels and components, and from trade associations, such as 
the American Iron and Steel Institute, the American Petroleum Institute, the American 
Gas Association, and the Edison Electric Institute. A number of PVRC research 
projects are supported partially or totally by Government Agencies such as the Atomic 
Energy Commission and the Navy Department. 

3. Nearly 200 well-qualified engineers and scientists serve on the some 30 committees 
within PVRC. These men represent industry, government agencies, universities, 
research org^izations, and engineering societies. Thus, each PVRC project is benefited 
by the combined viewpoints of a number of sources related to the pressure vessel field. 



Organization 

4. The Pressure Vessel Research Committee is made up of the Main Committee, 
Executive Committee, Program Evaluation Committee and three Divisions — 
Materials, Design and Fabrication. Each division has several subcommittees which 
are hsted below: 

Materials Division 

Pressure Vessel Steels 

Pressure Vessels for Nuclear Applications 

Hydrogen Embrittlement 

Effective Utilization of Yield Strength 

Design Division 
Shells 

Stresses in Ligaments 

Reinforced Openings and External Loadings 

Bolted Flanged Connections 

Stress Indices for Piping, Pumps and Valves 

Fabrication Division 

Preheating and Postheating 
Plastic Fatigue Strength 
Thermal and Mechanical Treatments 
Significance of Weld Discontinuities 
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5. The Main Committee meets annually to review progress during the past year, to 
hear plans for the coming year, and to act on the final budget submitted by the 
Executive Committee. The Executive Committee serves as the governing body for 
the Divisions, which make recommendations to the Executive Committee on the need 
for new projects or the continuation of existing projects. Recommendations are also 
made as to the amount of funds needed to sponsor these programmes. The Divisions 
appoint Subcommittees to deal with the specific items of research. Subcommittees plan 
research projects, prepare interpretive reports, and guide the actual research work, 
which is carried out in universities and nonprofit laboratories. When the need arises, 
a Division or Subcommittee appoints a Ta^ Group to be responsible for a specific 
item. Task Groups usually accomplish a specific purpose and are then disbanded or, if 
warranted, are elevated to sub-committee level. In some cases a Task Group may guide 
a continuing project. 

6. Over 100 projects have been completed since the first work initiated at Purdue 
and Lehigh in 1946. The results of these projects are presented in the some 157 
tedinical reports listed in the Bibliography of the Annual Report. 



Budget for 1967-68 

7. The preliminaiy PVRC budget for the fiscal year (1967-68) involved a total 
expenditure of $301,550. It is expected that $129,550 wiU be received from Industry 
arid $172,000 from Government sources. The budget is divided as follows: Materials 
Division— $15,400; Design Division— $219,650; Fabrication Division— $39,000; and 
Administrative and Publication Expenses— $27,500. The above budget figures do not 
include a sum of funds, substantially greater than the total PVRC budget, which wiU 
be contributed by the AEC and industry for work dming the coming year on heavy- 
section steels (described under the Materials Division Subcommittee on Pressure 
Vessel Steels) and on piping, pumps and valves (described under the Design Division 
Ad-Hoc Committee to Develop Stress Indices for Piping, Pumps and Valves). 



Status of PVRC projects: 1967-68 

8. Fig. F(l) shows diagrammaticaUy the status of PVRC projects during 1967-8. 
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Interim report of a NCC working party on technical 
computer applications in the pressure vessel industry 

(May 1968) 



The Objectives of the Working Party may be broadly summarised as follows: 

To survey more fully the computer software already available in the pressure vessel 
field; 

To recommend programs or areas that could be developed to improve the use 
of computers within the industry, whilst remaining within the scope of design 
standards currently in use; 

To recommend programs that could be developed to produce improved designs 
whilst not restricted to conventional design standards; 

To make recommendations on any other factor relating to the application of 
computers in the pressure vessel industry. 



Summary and recommendations 

The development of computer-aided design in the pressure vessel industry has been 
considered by a working party of the National Computing Centre. Techniques, 
especially those which need to be pursued most urgently, were considered along 
with some of the problems of program production and distribution. 



The working party is of the unanimous opinion that an increase in the use of 
computer for technical applications in the pressure vessel industry is desirable and 
would be of ben^t to the industry. At this stage thwe would seem to be six steps 
which can be taken which would have a reasonable chance of succ^ and the woridng 
party therefore makes the following recommendations for action: 

1 . To promote inter-company cx)-operation with curraat ^ort and the interchange 
of existing programs; 

2. To arrange for the programming of standards i^ed in pressure vessd design, 
to encourage programs for matKial selection and casting etc. and to investigate 
and recommend areas requiring financial support; 

3. To increase the effort, at pr^ent being made by NCC, to seek out useful 
programs for stress analysis of pressure vessds and to assist in the distribution 
of these programs; 

4. To approach BSI to discuss the modification of standards to facilitate the 
greats use of computer techniques and to consider stanckrds or otiier criteria 
for use in programs ; 
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5. To institute a series of short courses to assist design and managerial staff 
from the pressure vessel industry to imderstand the possible uses of computers 
and the contribution these could make to the industry; 

6. To investigate the desirability of the development of engineering design systems 
with particular reference to pressure vessel design. 



The working party hopes to be able to consider at future meetings each of these 
recommendations in greater depth and to be able to make detailed proposals con- 
cerning the implementation of these recommendations. 



Introduction 

1. The working party was set up by the NCC in response to a request from the 
Committee of Enquiry on Pressure Vessels, with the object of considering ways in 
which computers could be used to better advantage in the design and manufacture of 
pressure vessels. The working party decided to confine its activities solely to metallic 
pressure vessels. The membersMp of the working party is given in Annex A. 

2. A preliminary NCC report; ‘Initial Survey and Recommendations Regarding the 
Use of Computers in the Pressure Vessel Industry’ (by G. C. Carroll of The National 
Computing Centre) was communicated to the Committee of Enquiry in August, 1967. 
The problems outlined in the preliminary report have been considered by the working 
party. The present interim report contains the views of the working party on these 
problems and gives six recommendations towards their solution. The working party 
expects to be able to consider each recommendation in more detail in the future and to 
m^e detailed proposals on how they might be implemented. 

3. The presoit interim report is divided into two main sections. The first is concerned 
with design techniques which can be improved by using computers and shows areas in 
which effort might be concentrated. The second is concerned with program and 
package production and distribution. 



Des%D tedmiqaes 

4. Pressure vessels can convaiiditly be divided into two categories: conventional 
and special. Conv^tional pressure vessels are those which are normally designed in 
accordance with recognised standards and are particularly amenable to this method 
of design. Special pressure vessels are those which require design techniques which, 
while they may rely partly on standards, are generally of a more complex natxire. 
The majority of pressure vessels are in the conventional category. 



Conventional pressure vessels 

5. The major advantage in designing with standards is the relative simplicity of the 
design operation. Most of the basic thinking has been done for the designer. However, 
it is still necessary to do the calculations associated with the standard and there is the 
major task of optimising the design, as far as possible, from the point of view of 
design costs, material costs and manufacturing costs. There is scope for the inclusion 
of large parts of design standards into programs, thereby relieving the designer of 
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the tedium of repeated calculations, and providing the opportunity of considering far 
more alternative designs than can be considered when relying on hand calculations. 
These programs also facilitate the rapid production of basic design information and 
tenders. This is a major advantage. Work on this type of program has been done 
by several people and it seems desirable to pursue the work further. The work would 
be accelerated and the resultant programs made more efi&cient if, in many cases, 
programmers could work from the theory on which some parts of standards are based, 
or at least use analytical expressions instead of charts, rather than work directly from 
the standards as they are currently presented. It would therefore seem desirable to 
have the basis of new and newly revised standards made available to organisations 
w^o are seeking to incorporate them in programs. 

6. In addition computerised techniques can assist in the development of standards. 
Methods of analysis which require massive numerical work can now be used as a 
basis for standards. The accuracy of the calculations should reduce the error allowance 
which has to be made when compiling standards and, in general, should lead to 
reductions in material costs. 

7. Alternatively, when the work involved in developing a standard using a computer- 
ised method is large, it may be better to use verified aimlysis programs for design 
purposes. However, the programs available would tend to be mainly elastic stress 
analysis programs and on their own they would not be sufficient to establish the 
integrity of a pressure vessel design. A designer would have to apply his own design 
criteria to the results whereas design criteria are partly included in standards. In 
general, if it is desirable to use verified analysis programs, it may be possible to 
establish the integrity of the design by appraising it in all failure aspects and applying 
a simple factor to each result. Alternatively, it may be possible to codify the design 
criteria to be applied. 

8. Clearly, any changes in the presentation of standards or any developments to 
standards and the development of design crit^a to be associated with verified 
standard programs would have to be achieved by the standardisation authorities 
working in close co-opearation with designers, users and programmers. 



Special pressure vessels 

9. Various analytical methods, mainly for elastic stress, are available. Finite element 
elastic stress analysis programs have been written both by industry and by universities 
and these can either be generalised, and so cover a wide range of shapes, or be written 
to analyse a particukr situation such as the intwsection of a pressure vessel and its 
supporting structure. It may well be possible to develop a comprehensive series of 
finite element computer programs which would be useful to a wide range of users. 

10. However, finite elements are not necessarily the best method of solution in all 
cases. Often other methods such as finite differences or boundary point collocation 
are more economical in computer running time. Also, it is often possible to use closed- 
form solutions for large parts of a pressure vessel structure provided it is properly 
idealised. It would seem to be desirable, therefore, to build up a comprehensive set of 
programs capable of providing solutions to many of the problems of elastic stress 
analysis likely to be met by pressure vessel designers. However, the point made in 
paras 5-8 regarding the application of design criteria to the results of analysis programs 
must be reiterated. Analysis programs provide only a basic but nonetheless valuable 
tool for the designer. 
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Associated design techniques 

11. As well as using computers to assist with pressure vessel design using standard 
dr analysis programs, there is scope to assist with material selection and manufacturing 
cost optimisation as a part of design. Manufacturing cost optimisation as part of 
design is clearly desirable but it is very difficult. The differences between one manu- 
facturer and another make it impossible to have a completely general routine applicable 
to all manufacturers. However, optimisation techniques based on schedules of rates 
are used by some pressure vessel procuring compani^ and some manufacturers have 
included limited cost optimisation facilities in some design programs. The main 
problem seems to be that of determining how much generalisation is possible and 
how much must be left to individual manufacturers. However, even approximate 
methods, if wisely and critically used, have considerable value and it is to be hoped 
that more progress will be made in the near futiue. 

12. Computers can also be used to advantage for heat transfer calculations. This 
subject is amenable to analytical methods of solution and several programs have been 
produced in the last few years with varying degrees of success. 



Future design techniques 

13. In the long term computer-aided design in the pressure vessel industry should 
•baiefit frcBtn new developments in the same way as other branches of engineering. An 
example of a technique which is likely to be valuable is cathode ray tube display 
and li^t pen use. Another is the input of shape descriptions to the computer. It may 
be that, in time, the computer can be programmed to accept shapes drawn with a 
light pen, recognise shapes, idealise them in several ways and automatically stress them 
for each idealisation. 

14. An important area of development is in problem-oriented languages and system 
design. However, it would be inadvisable, at this stage, to attempt to produce a fully 
comprehensive system for pressure vessels. What is needed during the next few years 
is the establishment of a series of programs to assist in pressure vessel design and to 
investigate and further develop the techniques suggested in paras 11-12. There is 
also room for the simplification of input and output data as much tedious work is 
involved with most programs currently available. 

15. It is to be hoped that, in time, a general engineering design system with several 
appropriate problem-oriented languages can be developed. The design system for 
pressure vessels with its appropriate problem-oriented languages would be a sub-set 
of the general system. But it must be recognised that this development will require a 
great deal of effort and will be very costly. 



Development of design techniques 
Program production 

16. Programs and package can be written and have been written by a variety of 
companies and organisations both under contract to othCTS and for their own use. 
There is no reason why the present arrangements should not continue but with some 
improvements. Firstly, it is desirable that the effort should be co-ordinated in order 
to avoid wasteful duplication of effort and to ensure that effort goes, as far as possible, 
into the proper areas. Secondly, th^e are various short-term economic reasons why 
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companies do not produce more complex packa^ for their own use and why small 
companies do not produce any programs. In simple terms, the problem is that the 
short-term return is not great enough with large complex packages for individual 
companies to tie up such large resources. Therefore, in order to get the brat progress 
from the industiy, consideration should be given to the means whereby contracts to 
develop programs and packages could be placed with the industry and associated bodies. 



Cwtrent effort 

17. There is probably a wealth of xiseful programs available but being used perh^s 
infrequently by only one company or one department of, or branch of, one company. 
Many of these programms may not be in a suitable form for general use, but 
nevertheless it would seem to be desirable to make them as widely available as possible. 
Their existence, at least, should be publicised. It would be unfortunate if the effort of 
producing an expensive program were to be unnecessarily duplicated. Possibly the 
simplest way that this can be achieved is by means of the National Computer Program 
Index of the NCC. 

18. The use of one company’s program by another has both technical and com- 
mercial problems associated with it. However, provided goodwill is shown by all 
parties, it seems likely that the problems could be solved to the advantage of all 
concerned, not least the country as a whole. 



CondnsioDS 

19. Further development of computer-aided design in the pressure vessel industry 
would be beneficial to the industry. The products could be designed more quickly, 
more satisfactorily and could be cheaper to manufacture. The rate at which computer- 
aided design developments can take place is, however, not decided by the desirability 
of achieving a certain goal, but by society’s capacity to set out towards the goal. 
That capacity is governed by the factors of: 

1. The availability of the specialist personnel who must do the work; 

2. The availability of financial resources to commission the work; 

3. The industry’s ability to accept the inevitable change in the structure and status 
of their design staff; 

4. The existing design staffs’ willingness to accept the inevitable change in their 
way of work; 

5. The industry’s willingness to treat the problem of commercial advantage to 
individual companies in a more liberal way. 

20. Bearing in mind the increased productivity and the improvement in technology 
that can result from increased computer i^e in the industry, sufficient financial 
resources should be made available. Also, provided sufficient encouragem^t is given 
to technically competent people to enter the scientific computing field, as opposed to 
the commercial computing field, then the availability of staff should not constitute a 
problem. The sociological factors are such that any improvement is likely to produce 
a significant return. Consequently, there is a need for a considerable effort to be 
directed towards educating and informing managerial and engineering staff in the 
industry and who have no computer experience of the possibilities for computer-aided 
design. 
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APPENDIX P 

International comparison of inspection procedures 



1. A detailed study of the inspection and pressure vessel approval procedures in 
various countries in the world was undertaken on behalf of the Committee. Evidence 
and information on inspection practices abroad were obtained from a mimber of 
individuals and organisations, and these are noted in the list of those providing written 
evidence given in Appendix A. The considerable help afforded by those contributing is 
gratefully acknowledged. 



2. To carry out a comparative study of inspection organisations and pr^ices in a 
number of different countries, a list was prepared of the aspects by which inspection 
practices could be characterised. The comparison between countries then became one 
of comparing individual aspects of each country. This may be done aspect by aspect, so 
that any unusual features may be readily identified. This approach had the advant- 
age of permitting ready identification of the normal or majority practice in any given 
aspect as between the different countries. 

3. The major aspects identified fcnr study were the following: 

(a) National Arrangements (organisation of inspection and lines of authority includ- 
ing statutOTy considerations); 

(b) International Arrangements (international or reciprocal £^eements, or other 
commitments); 

(c) Internal Structure (management, cc^ting, staffing, cetification of in^)ectors); 

(d) Direct External Relations (direct or delegated inspection, relationships with 
fabricators and users, fees, requirements for the report of failures); 

(e) Incfirect External Relations (standards writing activity both nationally and 
internationally); 

(f) Working Documentation (inspection and/or design standards, (^rtificates, use of 
approval stamp); 

(g) Insurance Arrangem^ts (civil liability of inspectors or inspection organisations 
for consequttitial damage etc, any affiliations with insurance business) ; 

Ch) Introduction of New Techniques (R & D, appeals, training of IrBpectors); 

(i) Tm pe.nfling Change (arising from forthcoming national and international agree- 
ments, or changes in legislation). 



4. Whilst information was obtained on a number of countriw’ inspection procedures, 
the following 16 countries have been selected for purposes of this appendix to illustrate 
the main characteristics of these procedures: 
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France 

HoUand 

India 



Australia 

Austria 

Belgium 

Canada 



Federal Republic of Germany 



Italy 

Japan 

New Zealand 

Norway 

Sweden 

Switzerland 

United Kingdom 

United States of America 



5. To facilitate intercountry comparison, each country is given on a separate page, 
the 16 pages being arranged alphabetically as in the above list. The key to the aspects 
noted for each country (14 aspects in all) is given on ih& foldout page placed at the end 
of the 16 pages. 

6. In view of the importance to the UK industry of any potential or draft EEC 
Directive becoming mandatory within EEC, the Annex III to the EEC ‘Proposed 
Genial Directive on the Approximation of the Laws of the Member States concerning 
Pressure Vessels’ is given below: 

Board of Trade Library Translation Service 
3627-9/66/BJH/French 



Criteria to be taken into account by member states when approving organisations responsible 
for carrying out official individual inspection 

1. The organisation, its director and the ofiBcials responsible for carrying out the inspec- 
tion procedure may not be the constructor, the supplier nor the installer of the vessels or 
installations which th^ check, nor the agent for any of those parties. They may not be 
engaged in the marketing, representation or maintenance of those vessels or installations nor 
be agents for the parties engaged in such marketing, representation or maintenance. 

2. The statute of the organisation must include a clause excluding any commercial object. 

3. The organisation must possess the equipment necessary for carrying out normal inspec- 
tions of the type for which it is approved and be able to have access to the equipment necessary 
for unusual inspections. 

4. The organisation must have competent and qualified senior staif who have a sound 
knowled^ of the organisation’s field of activity. 

5. The ofiiciais responsible for checking must have: 

(a) a satisfactory knov^edge of the r^ulations concerning die checks they have to carry 
out and sufficient practice in those chedcs; 

(b) the ability required to draw up the attestations and reports certifying the checks carried 
out. 

6. The independence of personnel must be ensured by ad^juate guarantees of employment. 
Their remuneration must not be fixed in relation to the finannigl results of the organisation. 

7. The organisation shall be responsible in civil law for prejudicial consequ^ces arising 
from a defective inspection. This civil liability shall be cov^ed by an insurance contract. 



11.537/m/IV/64-F 



rev. IV 



Annex III 
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AUSTRALIA 



1. Australia 

2. State inspection authorities 

3. Individual State inspection authority (usually within State Departments of: 
Labour and Industry; or Mines; or the Interior) 

4. All 

5. Inspectors are employees of the States 

6. No 

7. The Factory and Machinery Acts of the various States, under which each State 
issues boiler and pressure vessel regulations 

8. Standards Association of Australia Boiler Code, Parts I-V (Standard No. CBl) 

9. BS: Lloyd’s Rules; ASME Boiler Code 

10. Boilers and Unfired pressure vessels 

11. SAA Boiler Code has no legal status itself, but has been incorporated into the 
statutory requirements of some States, and thus has force of State R^ulation in 
these States, and is accepted (with modifications) in the remainder 

12. Standards Assodation of Australia 

13. Vessels fabricated outside Australia (to other codes) may be accepted at the 
discretion of individual State Chief Inspectors 

14. — 
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AUSTRIA 



1. Anstria 

2. Inspection organisations authorised by a Government body 

3. Government or TUV or other organisations 

4. None 

5. Subject to Government licence; also subject to special training and approval in the 
case of employment by other inspection organisations 

6 . Yes 

7. Art 48 Verwaltungs-entlastungsgesetz (VEG) Bundesgesetzblatt No. 277/1925 as 
amended by BGBl No. 55/1948 

8. Dampfkessel-Verordnung (DKV) BGBl No. 83/1948; Werkstoff und Bauver- 
schriften (WBV) BGBl No. 264/1949 

9. Other codes may be accepted provided they are recognised as being equivalent 

10. Boilers and UniSred pressure vessels 

1 1 . The codes are Ministerial Decrees and have the force of a state regulation 

12. Bundesministerium fiir Handel und Wiederaufbau 

13. Vessels must meet (at least) the requirements of the Austrian National Codes 

14. — 
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BELGIUM 



1 . Belgium 



2. Independent inspection organisations authorised by Ministere de I’Emploi 



3. AEB; Association Vincotte; and a number of other inspection organisations 



4. The Inspection Division of the Ministere de TEmploi et du Travail reserves the 
right to carry out a fcal inspection and witness the hydraulic test on user’s site 



5. Inspectors are subject to special training and approval by employing organisations 

6. Yes 

7. Le Reglement General pour la Protection du Travail; and La Reglementation des 
Appareils 4 Vapeur. (These are royal decrees) 

8. Titre IV of Le Reglement General pour la Protection du Travail 

9. Other recognised national codes are accepted provided they are equivalent in all 
respects 

10. Boilers, steam vessels, pressurised gas containers 

1 1 . Force of law as Ministerial Decrees 

12. In addition to the Decree; technical codes are published by Institute Beige de 
Normalisation and by the Association des Industriels de Belgique (AIB) 



13. Pressure vessels buUt to major national codes are acceptable. Boilers must meet 
Belgium regulations (however drums may be treated as for pressure vessels in 
special cases) 

14. — 
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CANADA 



1. Canada 



2. Provincial Inspectorates; or independent organisations employing State-Certified 
Inspectors 



3. Provincial Inspectorates or ^igmcering Insurance and oth«: indepoident organisa- 
tions 



4. None 



5. All inspectors are State Certified by Commission of the Canadian National Board 
of Inspectors 



6. No — ^for Provincial Inspectorates; 

Yes — ^for independent inspection organisations 



7. ‘Boiler and Pressure Vessel Acts’ of the various Provinces 



8. CSA Standard B51-1960 — ‘Code for Construction and Inspection of Boilers and 
Pressure Vessels’ — this in turn refers to the ASME and ASA Standard B31.1 
Co^ regarding design 

9. The degree to which the CSA Code must be followed varies from Province to 
Province 



10. Boilers and Unfired pressure vessels 



11. CSA-B51 Code has the force of a Provincial Regulation 



12. CSA and ASME 



13. Vessels must be inspected by a State Certified Inspector 



14. — 
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FRANCE 



1. France 



2. Inspection or ganis ations authorised by Government Body (but see 4 below) 



3. APAVE (but see 4 below) — ^Association des Proprietaires d’Appareils a Vapeur 
et Electriques 



4. The Direction des Mines of the Ministere de Tlndustrie may reserve to itself the 
approval of drawings, the final inspection and the hydraulic test on user’s site. 
This is normally delegated (eg to APAVE) 

5. Inspectors employed by inspection organisations are subject to special training 
and approval by employers 



6. Yes — against inspection organisations 



7. Reglementation des Appareils a Vapeur (Modified Decree of 22.4.26 and Law of 
28.10.43); and Reglementation des Appareils a Pression de Gaz (Modified Decree 
of 18.1.43 and Law of 28.10.43) 

8. The regulations in 7 do not contain rules for the design of boilers and vessels. The 
only design code existing is that for unfired pressure vessek: SNCT No. 1 which 
h^ no direct legal recognition 

9. See 13 below — Other codes are accepted if judged as providing equivalent levels 
of safety 



10. Unfired pressure vessels only (in respect of design) 



1 1 . Force of law in respect of the Reglementations which constitute rules for the safety 
and for the official control of vessels (but these do not include requirements for 
vessel design) 

1 2. SNCT (Syndicat National de Chaudronnerie et Tolerie) ; however, the R^ementa- 
tions are published by APAVE 



13. Vessels must conform with French law and in particular Article 4 of the decree df 
2.4.26 which specifies the tests and certificates required 



14. — 



367 



Printed image digitised by the University of Southampton Library Digitisation Unit 



I 



Printed image digitised by the University of Southampton Library Digitisation Unit 



GERMANY 

1. Federal Republic of Germany 

2. Inspection organisations authorised by Government (Ministry of Labour) 

3. Tedmische Uberwachungs-Vereine (TUV) and others. Each ‘Land’ has its own 
Trade Supervisory Office which normally works through or recognises the TUV 

4. None 

5. Inspectors employed by inspection organisations are subject to special training and 
approval by employer 

6. Yes 

7. Various statutory ordnances of the Ministry of Labour of the Federal Government 

8. Boilers — ^Technische Regelu fiir Dampfkessel (TRD) 

Pressure Vessels — AD-Merkblatter and Unfallverhutungsvorschriften (UW) 

9. Other codes accepted if judged as equivalent by TUV 

10. Boilers (TRD) and Pressure Vessels (UW and AD-Merkblatter) 

11. TRD, UW and AD-M have force of law 

IZ Boilers— Deutscher Dampfkesselausschuss (DDA) 

Pressure Vessels— Arbeitsgemeinschaft Druckbehalter (AD) and UW: Druck- 
behalter 

13. Vessels must meet the German Code requirements and be inspected by TUV or 
approved inspection organisations 

14. — 
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HOLLAND 



1. Holland 



2. State Inspectorate 

3. Dienst voor het Stoomwezen 

4. Stoomwezen reserves the right to carry out a final insportion and hydrauhc test at 
the maker’s works in any country 

5. All inspectors of Stoomwezen are State-employed 

6. No 

7. Stoomwet (general legal requirements); Stoombesluit of 22.12.53 for boilers; 
Outwerp Drukhouderbesluit of 15.3.60 for unfir ed pressure vessels 



8. Grondslagen, Waarop de Beoordeling van de Constructie en het Material van 
Stoomtoestellen, Damptoestellen en Drukhoudersberust 



9. None 



10. Boilers and Unfired pressure vessels (as well as gas cylinders etc) 



11, Force of law 



12. Dienst voor het Stoomwezen 



13. Imported vessels must meet the requirements of Stoomwezen, which normally 
means that the Grondeslagen must be followed 



14. — 
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1. India 



INDIA 



2. State Inspectorates 



3. For boilers— Boiler Inspectorates under the Central Boilers Board 

For pressure vessels— Factory Inspectorates under Chief Adviser of Factories 
(Ministry of Labour) 

4. All (but see 13 below) 



5. All inspectors are state-employed 



6. No 



7. For boilers — Indian Boilers Act, 1923 
For pressure vessels — Indian Factories Act 



8. For boilers — ^Indian Boiler Regulations, 1950 
For pressure vessels — None 



9. BS and ASME etc. are acceptable for boilers and pressure vessels 



10. Boilers 



1 1 . For boilers. Regulations have force of law 



12. For boilers; Central Boilers Board 



13. For boilers, design must be pre-approved, and vessel inspection certificate approved, 
by Chief Inspector of Boilers (India) but inspection durii^ manufacture may be 
delegated to approved inspection organisation 

14. The Indian Standards Institution intends to establish an unfired pressme vessel 
code, but it would not have a mandatory status under the existing law 
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1. Italy 



ITALY 



2. State Inspectorate 



3. Associazione Nazionale per il ControUo della Combustione (ANCQ 



4. Normally all inspection is carried out by ANCC: but this may be delegated by 
ANCC to other approved inspection organisations outside Italy. ANCC reserves 
the right to carry out final inspection and hydraulic test at the makers in any 
country 

5. All inspectors of ANCC are State-employed 



■6. No 



7. Various royal and governmental decrees dating from 9 ■ 9 • 26 



8. ControUo deUa Combustione Apparecchi a Pressione (1964) No. ANCC N775; 
Spedflche per la Construziore Saldata di Apparecchi a Pressione Soggetti al 
ControUo deU’ ANCC 

9. None 



10. BoUers and Unfired pressure vessels 



11. The ANCC Codes have force of law 



IZ ANCC (codes are generaUy in line with ItaUan Standards Institute) 



13. Irnported vessels must meet ANCC requirements 



14. Gas cylinders etc. come under the Italian Ministry of Transport (Ispettorato 
Motorizzazione CivUe — ^the IGMQ 
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1. Japan 



JAPAN 



2. State Inspectorates 



3. Labour Standards Bureaux (Ministry of Labour); Labour Standards OfiSces and 
Labour Standard Inspection Ofiices in each Prefecture 



4. Most (for maintenance insjjection authorised inspection organisations may be 
used) 



5. Inspectors are employed by the Prefectural Governments 



6. No 



7. The Regulation for Safety of Boilers and Pressure Vessels (a Ministry of Labour 
Ordinance) 



8. Ministry of Labour Notices: Boiler Construction Code, 

Pressure Vessel Construction Code 



9. Whilst other codes are not ofScially recognised, vessels so constructed are generally 
acceptable if the other codes are more stringent than the corresponding Japanese 
one 

10. Boilers and pressure vessels 



11. Inspection of plate material, welds and the acceptance inspection of the completed 
vessel are legal requirements 

The Codes Imve force of law 

12. The Japanese Industrial Standards Committee (JIS) prepares specifications and 
codes of practice, these have no legal standing in themselves, but are used in 
practice 

13. Unless 9 above is complied with, supplementary tests may be called for by the 
Japanese authorities 



14. Boilem and nuclear containers used in electricity generation, and high-pressure gas 
containers, come under the Ministry of International Trade and Industry; while 
marine boilers and pressure vessels come under the Ministry of Transport 
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NEW ZEALAND 



1. New Zealand 

2. State inspection body 

3. Marine Department, New Zealand 

4. None, although final inspection prior to certification and use is made by Engineer 
Surveyors of Marine Department 

5. All inspectors are State-employed 

6. No 

7. Boilem, Lifts and Cranes Act, 1960 

8. New Zealand Boiler Code 

New Zealand Fusion Welded Pressure Vessel Code 

9. — 

10. Boilers and Unfired pr^sure vessels 

11. Force of law 

12. Marine Department, New Zealand 

13. Design and final inspet^on normally required for approval by Marine Depart- 
ment; although fabrication in^>ection may be by au^orised inspection organisa- 
tions 

14. — 



379 



Printed image digitised by the University of Southampton Library Digitisation Unit 



Printed image digitised by the University of Southampton Library Digitisation Unit 



1. Norway 



NORWAY 



2. State inspection body (but can authorise independent inspection organisation) 

3. Arbeidstilsynets Kjelkontroll 

4. Inspection during fabrication and the hydraulic test may be carried out by author- 
ised inspection organisations 

5. All inspectors are State-employed 

6. No 

7. Worker’s Protection Act, 1956 

8. Forskrifter for Kjeler, beholdere og Rorledninger som er Utsatt for Damp trykk 
(1967) 

9. Tryckkarlsnormer (Swedish); INSTA Recommendation on Welding (Scandina- 
vian); (BS, TUV, and ASME Codes are also acceptable provided designed vessel 
is equal to or superior to that of the Forskrifter) 

10. Boilers and pressure vessels 

11. Force of law 

12. Arbeidstilsynets Kjelkontroll, in co-operation with technical committee appointed 
by the Miidstry of Labour 

13. Imported vessels must be acceptable to Kjelkontroll 

14. — 
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1. Sweden 



SWEDEN 



2. Inspection organisations authorised by National Swedish Board of Industrial 
Safety 



3. Angpanneforeningen (Swedish Steam Users Association), 
Tekniska Rontgencentralen AB (Technical X-Ray Centre) 



4. Normdly final inspection is by one of the bodies in 3 above, but in special cases 
other inspection organisations may be authorised to carry this out 



5. Inspectors employed by authorised organisations are subject to special training 
and approval by employers 



6. Yes 



7. Labour Welfare Act 

Arbetarskyddslagen: Svensk Forfattningssamling No. 1/1949 (Law for the Pro- 
tection of Workers) and Arbetarskyddskungorelsen: Svensk Forfattningssamling 
No. 476/1956 (Notice for the Protection of Workers) 

8. Boilers — Angpannenormer, 

Pressme Vessels — ^Tryckkarlsnormer, 

Welding of Pressure Vessels — Pannsvetnormer, and other codes 

9. None 



10. Various codes cova: most types of pressure container 



11. National Codes have no direct legal status, but are approved by the National 
Swedish Board of Industrial Safety and have in ^ect the force of law 



12. Pressure Vessel Commission (Royal Swedish Academy of Engineermg Sciences) 
and Welding Commission 



13. Vessels must meet the requirraients of the Swedish Codes 



14. 
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SWITZERLAND 



1. Switzerland 



2. Inspection Organisations authorised by a Federal Body 



3. Swiss Association of Boiler Proprietors 



4. None 



5. Inspectors are subject to special training and approval by the employing body 



6. Yes 



7. Federal Regulations of 9.4.25 and 19.3.38 



8. Regulations of Swiss Association of Boiler Proprietors 



9. None 



10. Boilers and Unfired pressure vessels 



1 1 . The Regulations have the force of law 



12. Swiss Association of Boiler Proprietors 



13. Vessels manufactured outside Switzerland must conform to Swiss Regulations, but 
inspection by authorised inspection organisations acceptable 

14. — 
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1 . United Kin^om 



UNITED KINGDOM 



2. Independent inspection organisations 



3. AOTC, Lloyd’s Register, various engineering insurance companies (members of 
BIA etc.)» large users 



4. None 



5. No national certification of inspectors; but those employed by insurance and/or 
inspection organisations are subject to special training and approval by employing 
organisation 

6. Yes 



7. Factories Act, 1961 (Sections 32-39) deals with boilers and certain other classes of 
pressure vessel, but does not specifically include unfired pressure vessels (as used in 
process plant for example) 

8. BS1113, 1500, 1515 etc. 



9. Rules of the AOTC ; Lloyd’s Rules ; ASME Section VIII ; or any approved code of 
design and practice 



10. Boilars and Unfired pressure vMsels 



11. Not legally mandatory. Safety is the responsibility of the user who must ensure 
that steam boilers are of ‘good construction, sound material, adequate strength, 
and free from patent defect’ (Sections 32-39, Factories Act). Use of BS or other 
recognised codes could provi(te aid to legal defence 

12. BSI 



13. There are no technical r^ulations as to the acceptability of imported vessels 
(although Factories Act does apply in respect of their use) 



14. Other classes of pressure container come under different Acts and Government 
Departments (eg gas cylinders come under the Home Office) 
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UNITED STATES OF AMERICA 

I . United States of America 


1. Coimtry 


2. State Inspectorates; or independent organisations employing State-Certified 
Inspectors 


2. Status of Inspection OrganisatioD(s) 


3. State Inspection Authorities or Engineering Insurance Companies 


3. Inspection Organisatioa(s) 


4. No.. 


4- Inspections that may be retained under control of a Govern- 
ment Department 


S. Ail inspectors are certified by the National Board of Boiler and Pressure Vessel 
Inspectors 


5. Certification of Individual Inspectors 


6. No — for State Inspectorates. 

Yes — for independent inspection organisations 


6. May Court action be taken against the Inspection organisa- 
tion(s) in the case of negligence 


7. Various State and Municipal Regulations 


7. Laws relating to the construction and/or use of boilers and 
piessure ves^ 


8. ASME Codes 


8. Nadonal Code(s) for design and construction 


9. None 


9. Other Codes permitted for national use 


10. Boilers and Unfired pressure vessels 


10. Scope of Code (Vessel types) 


II. Varies from State to State, but most States have adopted the ASME Codes and 
these have force of law 


1 1 . Legal Standing of National Code 


12. ASME 


12. National Code Preparii^ Body 


13. Imported vessels are subject to approval by separate State authorities and are 
DonnaJly acceptable if they conform to the AShS Codes 


13. Acc^tabili^ of in^iorted vessels 


14. — 
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APPENDIX Q 

Review of response towards idealised model for a 
national inspection authority (NIA) 



Conunents on inspection in replies to genial enquiry letto* of 2/2/67 

1. Inspection of pressure vessels was one of the most frequently raised topics in 
replies to the General Enquiry Letter circulated in February 1967 (see Appendix E). 
A substantial number of organisations identified unsatisfactory inspection procedures 
as a cause for delay in the fabrication and completion of pressure vessels, which in 
turn detracted from the competitiveness of the industry, for example through delays 
and imposition of additional administrative overheads. 

2. Unnecessary multiplicity of inspection (whereby differ^t inspection organisations 
had different inspection procedures and standards and appeared unwilling to accept 
each others standards and methods) was noted in 28 replies. Alternatives to the present 
procedures were suggested, for example the approval of the fabricators* own inspectors 
along the lines of AID approval. In five other replies the licensing of fabricators’ own 
inspectors to carry out the stage inspections was suggested, similar to certain pro- 
cedures abroad. Several proposed that the national certification of pressure vessel 
inspectors be initiated in the form of a professional register, with the aim of enwjuraging 
common standards of inspection throughout the country, particularly in view of the 
increasing use of ultrasonic and other testing techniques. 

3. Three replies urged rationalisation of inspection at the international level. 
Respondents believed the acceptance of UK inspection by foreign customers would 
be facilitated were the UK to have a semi-ofl&cial or national inspection organisation. 
In considering these modifications six respondents believed the requirements of the 
customer should be fully recognised. 



Proposal for a National IhspectioD Aatiiority 

4. In view of the widespread comments on inspection, and the wide variety of 
problems involved in inspection with its associated variety of potential solutions, 
the Committee of &iquiry’s Sub-committee on Inspection prepared an idealised model 
for a single UK inspection organisation. This model attempted to cover, in an idealised 
and simplifi^ form, many of the points raised in earlier replies to the General 
Enquiry Letter. 



5. The idealised inspection procedure for the fabrication of pressure vessels was 
proposed in the form of a single National Inspection Authority (NIA) directly 
responsible to the Minister of Technology and employing its own inspectors. The 
activities of NIA included the inspection of design, materials and fabrication of 
pressure vessels up to and including the commissioning or pressure test, but excluded 
the routine or maintenance inspection of pressure vessels or boilers once these were 
in service. 
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6. A letter with ‘Recommendations on Inspection and Insurance by a Sub-committee 
of the Minister of Technology’s Committee of Enquiry on Pressure Vessels* was 
circulated in July 1967 to 19 organisations for comment. Several of the organisations 
sought further views from associated or other organisations, and altogether replies 



were received from 28 organisations in the following groups : 

Government departments 3 

Public bodies {or government aided bodies) 4 

Professional institutions 0 

Trades and professional unions 3 

Industrial and trade organisations and independent organisations for: 

Materials supply 3 

Manufacturing 6 

Inspection 3 

Consultants and users 6 

TOTAL 28 



Analysis of replies to proposals for a NIA 

7. Implicit in the Recommendations of the Sub-committee for the creation of a 
NIA were the following propositions; together with an alternative (d) not mentioned 
in these propositions but put forward in replies to the proposals : 

(a) The concept of co-ordinated inspection (through the desire to reduce certain 
multiplicity of inspection at steel mills and at fabricators’ works); 

(b) The creation of a single inspection authority; 

(c) The creation of a National Inspection Authority (NIA) under the Minister of 
Technology and employing its own inspectors; 

(d) The creation of a single authority with delegated powers to approve certain 
inspection organisations (put forward in replies to the proposals); 

(e) The certification of fabricators to inspect their own products (similar to the 
DGI or AID approved inspection system); 

(f) The creation of a Case Law Committee ; 

(g) The preparation of design and inspection criteria; 

(h) Tlie institution of formal state or nationally-approved certification of inspectors. 

8. An analysis of the replies is given below, in which the replies for each proposition 
have been summed and expressed as percentages relative to the total number of replies 
(which is 28) : 



Proposal 






Not mentioned! 


Accept 


Reject 


neutral 


(a) 


86% 


7% 


7% 


(b) 


54% 


32% 


14% 


(c) 


14% 


82% 


4% 


(d) 


32% 


4% 


64% 


(e) 


57% 


0 


43% 


(f) 


29% 


14% 


57% 


(g) 


57% 


0 


43% 


(h) 


36% 


-J'A. 
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9. From the above analysis the following broad conclusions resulted from the 
replies to the proposals on the NIA. 

(a) There was almost unanimous support for the need to co-ordinate inspection 
in the UK, so as to minimise multiplicity. The problems of multiplicity could arise 
from a double interest in inspection through: 

the desire of two or more parties to see the same thing on different occasions, or 
the desire of two or more parties to see different things done (ie inspection to 
different standards). 

The parties involved included: 

the steel supplier and fabricator, who should ensure their products conformed to 
the specifications, 

the user or customer, who needed to be satisfied (by his own or by an independent 
organisation) that the product conformed to the specification, 
the insurer, who needed confirmation that the vessel was built to an acceptable 
minimum standard. 

In supporting the need for co-ordination five respondents concurred with reported 
resistance to change by the insurance companies, but nine respondents did not 
entirely accept this and several also considered that insurance companies had 
provided a helpful service. It was noted by several respondents that some multiplicity 
appeared inevitable in the present fabrication industry, which had ‘within it over 
two hundred companies’. 

(b) There was nett support (but with substantial opposition) for the creation of a 
single independent inspection authority. 

(c) There was almost unanimous rejection of the proposed NIA employing its 
own inspectors. Major criticisms of the proposed NIA were that it would be in a 
monopolistic position (5 replies) whilst its possible bureaucratic rigidity and slowness 
(5 other replies) could render its service less efficient than that under free competition. 
Seven respondents queried how the NIA would be financed, what fees it would 
charge and whether it would be subject to Treasury in terms of staff complement. 

(d) There was a measure of support (with negligible opposition) towards the 
CTeation of a single authority with delegated powers to approve certain inspection 
bodies. Several respondents saw such an authority as being s imilar to the British 
Calibration Service and could be linked to the proposed ‘National Authentication 
Service’ with powers: 

to ensure exact common standards of inspection that would be accqitable 
internationally, 

to certify the competence of any inspection body, whether that of the user, the 

insurer, the inspector, or the manufacturer, and 

to ensure that unnecessary duplication of inspection be avoided. 

Furthermore, certified inspection organisations should continue to : be responsible for 
progressing work to ensure delivery dates were met; be available for employment on 
overseas contracts; to act as a means of exchanging information and experience 
between the user and the manufacturer. 

(e) There was considerable support (with no opposition) for certification of 
fabricators to inspect their own products. Indeed one respondent considered it 
would be practicable to introduce this now, particularly in view of the undoubted 
success of such schemes as operated by AID, EID and ARB, although another 
respondent was unaware of any users that had accepted fabricators* certificates as 
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entirely satisfying users’ needs. Six respondents felt that whilst stage inspection 
should be the responsibility of the fabricator, there should be checks by independent 
organisations particularly on completed vessels. 

(f) There was some nett support (with opposition) for the creation of a Case Law 
Committee where this was defined as providing interpretations and rulings in 
respect of individual cases put before it. One respondent felt that concessions made 
by the Case Law Committee (under an AID type of procedure) should involve the 
concurrence of the customer’s design department (as was the practice with AID). 
However, another respondent felt that if the concurrance of the customer were 
necessary, the whole objective of using the procedure might be negated. Several 
respondents queried who would be final arbiter in disputes, and what provisions 
would be made for appeals. 

(g) There was considerable support (with no opposition) towards the preparation 
of both technical design standards and inspection standards, and several respondents 
wished to see a unified or common standards document for steelmaker, fabricator 
tmd inspection authority which would be presented in one comprehensive document. 
Several respondents (22%) went further and indicated that they would wish to see 
the preparation of these standards associated with BSI in some way. 

(h) There was nett support (with little opposition) for nationally-approved certifi- 
cation of inspectors. An alternative procedure was suggested, which was really 
equivalent to (d). whereby the inspection organisations should be certified rather 
than the inspectors. It was also suggested that national certificates in NDT and in 
radiography be awarded. These certificates should be at a comparable level with 
those in other countries abroad. A nationally recognised training and re-education 
scheme should be initiated. It would also be desirable to define what was meant 
by a ‘competent person’ in terms of the Factory Acts, and a nationally recognised 
certification scheme would permit this. 



Analysis of other aspects raised in the replies 

10. Nine respondents queried what the scope of the proposed NIA would be in 
terms of pressure vessel type; while four made the point that the proposed use of the 
vessel should also be taken into account during inspection. Others queried the 
relationship between the NIA in pre-commissioning inspection and the Factory 
Inspectorate in post-commissioning inspection. Four of the replies inquired as to the 
policy of NIA in respect of safety. Several raised queries on what degree of contractual 
protection would arise through use of the NIA, ie performance guarantees arising 
from inadequate inspection, consequential damages, indemnification of manufacturer/ 
contractor, etc. 



11. Several respondents considered that advances in technology should be reflected 
continuously in NIA, and that a further Committee should be set up to co-ordinate 
the national R & D programme on pressure vessels. 

12. Fourteen respondents rejected the suggestion made by the Sub-committee that 
foreign insi^tion authorities might be less thorough and detailed than those in the 
UK. Thus : evidence as to the unfair position of UK fabricators in relation to overseas 
orders would have to show that the overseas purchasers (or their agents) were them- 
selves adopting different standards of acceptance in any particular contract, according 
to whether construction took place in the UK or elsewhere’. Five respondents took 
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some UK fabricators to task for a certain lack of internal organisation and poor 
control of their productioii. Further criticism was made of some UK fabricators for 
not keeping (in contra-distinction to fabricators abroad) adequate records and 
documentation relating to pressure vessels covering materials used, plant manufactured 
certificates issued, etc. ’ 

13. Some confusion was caused by inclusion of the word ‘insurance’ in the title of 
the Sub-committee’s report. Nine replies asked why insurance had been included 
since pre-comimssioning inspection taken on behalf of the customer or post- 
commissioning mspection made on behalf of Factory Inspectorate were independent 
of the insurance of the plant concerned. 

14. Twelve respondents queried whether the full legal implications had been 
considered for a body such as the proposed NIA. One respondent sought for co- 
ordination of the statutory requirements relating to ‘pressure equipment’, as boilers 
must conform to DEP regulations, boiler explosions reported to and assessed by 
Board of Trade, gas cylinders must conform to Home Office regulations, and if an 
NIA as proposed by the Sub-committee came about then pressure vessels would 
have to conform to Ministry of Technology regulations. 
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Legislation relating to pressure vessels and their use 



1. This appendix summarises the UK legislation as at 1968, comments on proposed 
alterations, and briefly surveys the statutoiy position abroad. It should be noted that 
there is no legal requirement in the UK to provide insurance cover for pressure vessels 
either as such or as an integral part of a plant, and insurance (in contradistinction to 
safety) is a commercial arrangement quite distinct from either technical considerations 
or statutoiy requirements. (TTiis does not necessarily apply in all other countries, eg, 
in Canada the owner or user may operate a steam boiler provided it is insured with 
some Boiler Insurance Company, registered in the Department of Insurance or has 
been inspected and reported safe by an authorised person within the calendar year). 



Present UK legislation 

2. The principal statutoiy requirements are contained in or regula ted by : the Factories 
Act 1961, the Mines and Quarries Act 1954, the Petroleum Consolidation Act 1928, the 
Gas Cylinders (Conveyance) Regulations 1931 (amended in 1947 and 1959), and the 
Boiler Explosion Acts of 1882 and 1890. The Nuclear Inspectorate of the Ministry of 
Power embodies its requirements in the site licence for Nuclear Power Stations. The 
only local authority requirement is imposed by Greater London Council which has 
bye-laws for inspection of boilers, pressure vessels and similar plant in use in places of 
entertainment etc. There are no standard or mandatory requirements by UK pro- 
fessional institutions. Trade Associations, independent inspection organisations, or 
insurance underwriters. A wide variety of Government departments are therefore 
responsible for various aspects of legislation relating to pressure vessels and boilers, 
including: Department of Employment and Productivity, Home Office, Board of 
Trade, Ministry of Power (Inspectorate of Nuclear Installations) and Ministry of 
Transport. 

3. The Boiler Explosions Acts in general apply to pressure vessels with which heat is 
associated. The Factories Act applies to certain classes of pressure vessels such as 
Boilers, Steam and Air Receivers, etc., installed in factories. Both Acts impose a 
sUtutory duty on the competent person who has issued a report, and in the event of 
Ms being found negligent he may suffer severe legal penalties, which may also be 
incurred by other members of the inspection organisation concerned. 



The Factories Act 1961 

4. The Factories Act 1961 is administered fay the DEP and is concerned with the 
following types of equipment: 



(a) Steam Boilers — defined in Section 38 of the Act as any closed vessel in which for 
any purpose steam is generated under pressure greater than atmospheric pressure 
and including any economiser used to heat water being fed to any such vessel, and 
any superheater used for heating steam. 
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(b) Steam Receivers — defined in Section 35 of the Act as any vessel or apparatus 
(other than a steam boiler, steam container, a steam pipe or coil, or a part of a 
prime mover) used for containing steam under pressure greater than atmospheric 
pressure. 

(c) Steam Containers — defined in Section 35 as any vessel (other t han a steam pipe 
or coil) constructed with a permanent outlet into the atmosphere or into a space 
where the pressure does not exceed atmospheric pressure, and through which steam 
is passed at atmospheric pressure or at approximately that pressure for the purpose 
of heating, boiling, drying, evaporating or other similar purpose. 

(d) Air Receivers — defined in Section 36(6) as: 

(i) any vessel (other than a pipe or coil, or an accessory, fitting or part of a 
compressor) for containing compressed air and connected with an air compressing 
plant; or 

(ii) any fixed vessel for containing compressed air or compressed exhaust gases 
and used for the purpose of starting an internal combustion engine; or 

(iii) any fixed or portable vessel (not being part of a spraying pistol) used for the 
purpose of spraying by means of compressed air, any paint, wnish, lacquer or 
similar material; or 

(iv) any vessel in which oil is stored and from which it is forced by compressed air. 

5. Basically the Factories Act and Regulations are intended to ensure that vrasds 
are properly designed and constructed, correctly maintained in service, and are fitted 
with the essential devices to ensure safety. The standards laid down in the Act are 
minimum standards, and in practice, higher standards are often found. 

6. The Act does not give detailed methods of construction, design criteria or 
acceptable methods of manufacture. The meaning of ‘good construction, sound 
material and adequate strength’ can only be interpreted in the final event by a court 
of law, but from an administrative point of view, British Standards are, when 
applicable, used as the yardstick. 

7. The Act defines requirements governing the method of examination and the 
periods between examinations. It also requires examination by a ‘competent person’. 
This phrase is not defined in the Act but the interpretation generally applied by the 
Factory Inspectorate is: ‘a competent person is a person with such practical and 
theoretical knowledge and experience of the plant he has to examine as will enable 
him to detect defects or weaknesses and to assess their importance in relation to the 
strength and function of the plant in question’. In the main, examinations are carried 
out by Surveyors of Insurance Companies, Lloyd’s Register and other specialised 
bodies. Under Section 33(4) the report of the examination of a steam boiler must be 
signed by the person making the examination and if that person is an inspector of a 
boiler-inspecting company or association, be countersigned by the chief engineer of tlw 
company or association. Furthermore, under Section 33(8), if the Chief Inspector 
of Factories is not satisfied as to the competency of the person employed to make the 
examination or as to the thoroughness of the examination, he may require the boiler 
to be re-examined by a person nominated by him and if it is established tlmt the 
report of the previous examination was inadequate or inaccurate in any matwial 
particular, the cost of the re-examination may be recovered from the occupier of the 
factory. 
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8. It is important to note that a wide range of pressure vessels do not come under the 
requirements of the 1961 Act. There are also no statutory requirements covering the 
pre-commissioning area which is contrarary to the situation in some foreign countries. 



The Mines and Quarries Act 1961 

9. 'Hie Mines and Quarries Act is administered hy the Ministry of Power and 
require under Section 84 that ‘all apparatus used as, or forming, part of the equipment 
of a mine, being apparatus which contains or produces air, gas or steam at a pressure 
greater than atmospheric pressure shall be so constructed, installed, maintained and 
used as to obviate any risk from fire, bursting, explosion or collapse or the production 
of noxious gases’. 



The Petroleum Consolidation Act 1928 

10. The conveymce of gas cylinders by road in the UK is controlled in respect of 
cylinders containing the permanent gases of air, argon, carbon monoxide, coal gas, 
hydrogen, methane, neon, nitrogen, and oxygen. The main instrument of control is 
the Gas Cylinders (Conveyance) Regulations 1931, amended in 1947 and 1959, which 
lays down in considerable detail specifications for materials, design, construction and 
tes^ of cylinders. The bulk of these specifications are embodied in British Standards 
which are restated in the schedules to the Order but it should be noted that: 

(a) The British Standards embody specifications drawn up, in consultation with 
other interests, by the Home Office and are not the usual product of consensus 
machinery operating through BSI’s technical committee structure; 

(b) Some detailed parameters or design considerations involve so much uncertainty 
or depend so much on accumulated experience that they cannot be defined for 
the pur^ses of a British or international standard and must be left to the discretion 
of the Home Office, which receives technical advice from the National Testing 
Laboratories, particularly the National Engineering Laboratory. 

In addition, the storage and conveyance of dissolved acetylene in cylinders con- 
t^g a homogeneous porous mass is subject to the requirements of Order of 
Secretary of State No. 9 made imder the Explosives Act 1875. 



II. At preSCTt cylindera which do not comply with the Regulations are not controlled 
mder the Mer except in the case of cylinders complying with Exemption Order 
No. 16 and the atter t^ of cylinder is the only cylinder for which an approval 
pr^dure is legally required. This involves very close supervision of prototype testing 
and approvd, as well as quahty control of production under the supervision of 
approved todies which include Lloyds, the AOTC, the British Oxygen Co.. ICI and 
a number of similar apndes overseas. The designation of overseas agencies as approved 
for the purpose of the Home Office requirements enables foreign manufacturers to 
cylinders to UK requirements. The following cylinders are 
auow^ to be used for the conveyance of gases named in the Regulations on a ‘no 
objection basis pendmg the review of the Regulations- 



(a) Alloy steel cylinders to Home Office specifications S and T; 

(b) Alumimum alloy cylinders to HO Specifications HOAL 1 and HOAL 2. 



398 



Printed image digitised by the University of Southampton Library Digitisation Unit 



LEGISLATION 



position regarding the approval of gas cylinders in the UK is as 
foUows. The Home Office is responsible for the legislation relating to the carriage of 
^s cylinders on roads in the UK. This does not cover factory sites which come under 
the Factory Acts (DEP), but every gas cylinder to which the Gas Cylinders 
(Conveyance) Regulations apply must comply with these regulations because 
all gas cylinders are, at one time or another, transported by road. The Factory 
fcspectorate in its turn normaUy wishes to see Home Office regulations followed on 
factory sites. British Railways, although covered by different legislation do follow, as 
fax as transportable gas cylinders are concerned, the Home Office regulations. 

13. The Home Office has an airangement with BSI, whereby the BSI print and 
publish the technical design and inspection requirements for gas cylinders as a BS 
but where appropriate it is noted in the BS that the BS are, in fact, mandatory and 
that gas cylinders may only be manufactured and inspected by manufacturers and 
independent inspection organisations approved by the Minister of State, Home Office. 

14. The procedure for approval where appropriate is as follows. A manufacturer 
that wishes to start production of gas cylinders must apply to the Home Office for 
permission to do so. The Home Office seeks views on the performance, quality, 
relia.bility and other aspects of the manufacturer from other bodies (users, inspection 
bodies, government departments etc.). Provided no cause for uncertainty arises as a 
result of the views received, the second stage is entered whereby the manufacturer 
submits designs of the entire range of gas cylinders he proposes to make and details 
of the manufacturing process. If, on the examination of this information, it appears 
probable that the applicant is capable of making the types of cylinders concerned, the 
Home Office decides which sizes the manufacturer shall make for the purposes of the 
initial acceptance test. Normally 20 gas cylinders of each size are required to be made 
and a random sample of six selected by an approved inspection organisation for further 
test by the National Laboratories. If the gas cylinder is very large (say 30 inches in 
diameter) then special provision is given for only one to be made. This single cylinder 
must, however, be made under the surveillance of the approved inspection organisation 
to ensure that the manufacturer’s normal control procedures are used and that no 
special treatment is afforded the one test cylinder. For large cylinders the insiiecting 
authority will carry out a hydraulic stretch test in which the permanent stretch of the 
cylinder after the prescribed pressure test is measured as a proportion of the total 
expansion of the cylinder under the test pressure. For steel cylinders this proportion 
must not exceed 10% but is normally less than 1 %; for al umini um alloy cylinders no 
permanent stretch is permitted. After this test sections of a large cylinder will be 
subjected to further tests (notch, bend, tension, metallurgical, etc.) fay the National 
Laboratories on behalf of the Home Office. In the case of normal commercial size 
cylinders, the sample cylinders will be sent complete for all the required testin g to be 
done by these Laboratories. Provided the manufacturer passes all these tests then the 
Home Office sends a letter to the manufacturer (ie not a certificate) stating that he 
has been approved to manufacture gas cylinders of certain types (ie those types and 
sizes for which the manufacturer has been specifically tested and no other). Should the 
manufacturer wish to make larger and/or different gas cylinders to those for which he 
is already approved, he has to seek new Home Office approval in the usual way. 

15. The procedure for approval of inspection organisations follows a -rimilar pattern. 
The Home Office seeks advice on an inspection organisation’s capabilities by con- 
sulting other organisations including other inspection bodies, also users and manu- 
facturers that have already been inspected (for other products) by the inspection 
organisation seeking approval. 
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16. The Home Office keeps a Register of Approved Manufacturers and a Register of 
Approved Inspection Organisations. Only those on the Registers may legally practice 
in the manufacture and inspection of certain gas cylinders. 

17. The Home Office Regulations cover both approval and certification of each gas 
cylinder as it is made, as well as the re-certification of every gas cylinder (by an approved 
inspection organisation or by an approved manufacturer with an approved inspection 
department) at least every 5 years. 

18. It may therefore be seen that the Home Office Regulations cover both manu- 
facturing inspection as well as maintenance inspection. The Home Office also acts as 
the eqnivalent of a ‘Pressure Vessel Authority’ in that it ‘approves’ inspection 
organisations and draws up the technical specifications and inspection procedures 
to be used, at least in the field of gas cylinders (transportable). 



The Boiler Explosion Acts o/1882 and 1890 

19. The Boiler Explosion Acts 1882 and 1890 are administered by the Board of 
Trade and provide for inquiries to be held with respect to explosions from boilers in 
the United Kingdom and in British Ships. The owner of any boiler (subject to certain 
exceptions) from which an explosion occurs must report the fact to the Board of 
Trade, which thereupon arranges for an engineer surveyor to inquire into the cause of 
the explosion. The reports of minor explosions are not pubhshed, but the cause of the 
explosion as ascertained by the Board’s surveyors, together with the Engineer 
Surveyor-in-Chief’s comments are communicated to the owner and to the Factory 
Inspectorate. 

20. Any available information about a boiler explosion obtainable at the time or 
shortly after is also sent by the District Inspector to the Engineering Branch of the 
Inspectorate and an Engineering Inspector may make a visit to obtain first-hand 
information on the occurrence, but the official investigation as to the cause of the 
explosion remains the responsibility of the Board of Trade. It should be noted that the 
Board of Trade have no duties, or indeed powers, to ensure that any recommendations 
made by them are implemented by the occupier. In practice, copies of their Surveyor’s 
reports are forwarded to the Chief Inspector of Factories, and these are referred to 
the appropriate District Inspector, who takes any necessary action. 

21. The definition of a boiler in the Acts includes any closed vessel used for heating 
water as well as other liquids. 



Proposed alterafions to legislation 

22. Alterations are proposed to both the Factories Act 1961 and the Petroleum 
Consolidation Act 1928. 



Factories Act 

23. A First Consultative Document was circulated by the DEP in 1967 outlining 
a proposed revision of the Factories Act 1961. Whereas the 1961 Act omitted 
a wide range of pressure vessels the proposed revisions are designed to cover the 
whole of the pressure vessel field. 
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24 . It is the intention to include in the Bill definitions of ‘steam boiler’, ‘hot water 
boiler’, ‘pressure vessel’ and ‘gas holder’. 

25. ‘Steam boiler’ will include any vessel in which steam is generated under pressure 
greater than atmospheric pressure. It will be made clear by the definition that when 
either a superheater or an economiser is an integral part of a steam boiler then it and 
the steam boiler will be treated as one vessel for the purposes of requirements undo: 
the Bill or Regulations, but that when a superheater or economiser is a separate vessel 
and heated by a separate source of heat, it will be regarded as an individual pressure 
vessel and will be required to conform with the requirements of the Bill or any 
regulations made thereunder. 

26. ‘Hot water boiler’ will be defined as meaning any vessel in which water is heated 
to a temperature greater than 110®C. and in which steam is not intentionally generated. 

27. It will be made clear that the definitions in paragraphs 25 and 26 above do not 
apply to any vessel used for the purposes of a chemical reaction. 

28. ‘Pressure vessel’ will be defined as meaning any vessel used to contain steam, air 
or any liquefied or compressed gas or fumes at a pressure greater than atmospheric 
pressure. It will, however, be made clear that this definition does not include: 

(a) a gas holder as defined below; 

(b) a pipe or coil; 

(c) any part of a prime mover; 

(d) any vessel forming part of a portable tool; 

(e) solid drawn gas bottles or cylinders used for the storage and supply of compressed 
air or compressed and liquefied gases. 

29. ‘Gas holder’ will be defined in terms which will include any water-sealed gas 
holder, water-less gas holder, dry-scaled gas holder, or flexible gas storage container, 
together with its immediate ancillary plant, apparatus and parts which enables the ^ 
holder to function as such and in which the pressure of gas in the holder does not 
exceed 70 centimetres water gauge. 

30. The Minister will be given the power by regulations to extend the definitions in 
the preceding paragraphs to any other device. 

31. There will be a general requirement that every steam boiler, hot water boiler, 
pressure vessel, still and gas holder, together with all the fitting and attachments 
necessary to the safe operation of the same shall be of good construction and design, 
sound material and adequate strength for the purpose for which it is used and shall be 
properly maintained. 

32. There will follow a provision requiring every steam boiler, hot water boiler, 
pressure vessel, still and gas holder to have fitted and attached to it such fittings and 
attachments as may be prescribed by the Minister by regulations. 

33. The Minister will be empowered to make regulations about the testing and 
examination of steam boilers, hot water boilers, pressure vessels, stills and gas holders. 
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This regulation-making power will be wide enough to enable the Minister to regulate 
what is to be examined, how it is to be examined, how frequently it is to be examined, 
the keeping of records of such examinations and the form and availability of such 
records and to make stipulations and requirements as to who shall undertake the 
examinations, 

34. In particular, the Minister will be empowered to make regulations providing that 
steam boilers, hot water boilers, pressure vessels, stills and gas holders shall not be used 
in any premises or operations unless they have been tested and examined, together 
with their fittings and attachments in such a manner as the Minister may by regulations 
prescribe. 

35. It is the intention that before this part of the Bill is brought into force regulations 
will be made under paragraphs 32 - 34 above covering the matters at present contained 
in Sections 32, 33, 35, 36 and 39 of the Factories Act 1961 and the requirements of such 
regulations will not be less than those of the sections just mentioned. 

36. The Minister will be given power to prescribe by regulations that, in certain 
cases, tests and examinations should be undertaken by competent persons and the 
Minister will be given power to approve such competent persons or to withdraw his 
approval of such persons if he thinks this necessary. Such persons will be given a right 
of appeal against a decision of the Minister. 

37. The Minister will also be given power by regulations to impose requirements 
with respect to the design, construction, installation, examination, repair, maintenance, 
alteration, adjustment and testing of pressure vessels and this power will be wide 
enough to enable the Minister where he considers it appropriate to require compliance 
with provisions laid down by a body authorised by him for the purpose. 



Petroleum Consolidation Act 1928 

38. The Home Office in 1946 set up a Departmental Committee with the task of 
reviewing the legislation on gas cylinders originally passed by Parliament in 1931. 
Up to 1960 the Committee had acted purely departmentaUy in that a draft report had 
b^n prepared based on the department’s own experience and requirements in respect 
of the ‘siety of the public at large during the transmission or transport of gas cylinders 
on public roads’. In 1960 the Home Office circulated 500 copies of the draft report to 
other departments and to industry. Such a large quantity of constructive criticism 
was received by the Home Office that it was decided to restart ab-initio, and BSI 
were invited to nominate eight representatives from industry to participate in the 
activities of the Committee. 

39. The Committee has now completed its task and its report will be published 
in due course. 

40. It is understood that the report contains a wealth of technical specifications which 
will be redrafted by a series of BSI Committees into a number of BS for gas cylinders 
of various types ; the BS to be promulgated will be mandatory under the new legislation. 

41. The Report will recommend that the Home Office Regulations, and approvals 
procedure, be extended in breadth to cover not only conventional transportable gas 
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cylinders, but also all pressure containers carried on the roads. This would include 
all high-pressure gas transporters etc. Other fundamental changes in the present 
system of control are, for example, the instituting of approval for material manu- 
facturers and the extending of the range of gases covered, both permanent and 
liquefiable. It will cover also welded gas cylinders as well as the seamless type which 
are at present the only ones covered by the Regulations. 

42. The report will also recommend that consideration should be given to the 
acceptance in the UK of cylinders made to foreign specifications subject to those 
specifications being examined and found satisfactory. 



Foreign legislation 

43. The UK at present is the only major industrial country which does not insist 
on a national standard for construction for pressure vessels. Provided the competent 
certifying authority considers that a vessel is safe to work between specified exam- 
inations it may be constructed to any design standard. The following details are given 
of statutory requirements in some of the major European industrial countries. 
Furthermore, standard requirements in many foreign countries differ from those in 
the UK in that certain other countries insist on some degree at least of pre- 
commissioning inspection during fabrication. The latter is not mandatory in the case 
of new vessels for installation in the UK. 



Federal Republic of Germany 

44. Inspection and approval of design is compulsory by law in respect of boilers, 
fired and unfired pressure vessels, calorifiers, autoclaves, air receivers, gas containers 
under pressure and transportable gas and liquid containers. The TUV is the ofiicial 
independent approval body responsible for the inspection and approval of all boilers 
and pressure vessels manufactured in and imported into Germany. TUV have an 
agreement with AOTC to inspect and approve boilers and pressure vessels in the UK 
before export to Germany. 

45. The procedure required is briefly listed below: 

(a) Design. The design has to be in accordance with the appropriate specifications. 

(b) Drawings. Triplicate copies of the drawings are required which show all dimen- 
sions in metric units, design and hydraulic test pressures in kg/cm* (atmospheres) 
and design temperatures in degrees Centigrade. A parts identification Ust, giving the 
part number, quantity, description and type of material, is also required. The 
drawings should also indicate the design standard, the type of weld electrode and 
the method of welding. 

<c) Materials. Materials are to be supplied by an approved manufacturer and 
should satisfy fully the requirements of the AD Data sheets. Series W for pressure 
vessels, and TRD sheets Series 101-110 for boilers. 

fd) Approval of works and welders. Approval of works and welders is earned out by 
AOTC, British Engine Boiler & Electrical Insurance Co. Ltd. This approval work 
includes the inspection of works facilities and equipment, and testing to approve 
the works welding equipment. The works welders are also to be approved in 
accordance with the requirements of the appropriate design standard given in the 
Schedule. 
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(e) Fabrication. Fabrication has to be carried out in accordance with the recom- 
mended practices laid down in the relevant German design standards. The interim 
inspections during construction, the final interior inspection and hydraulic tests are 
normally carried out by AOTC under the authority of TUV, Essen. However, in the 
case of equipment such as gas cylinders and large transportable containers for liquid 
gases, all inspections are generally carried out by TUV. 

46. There is no system of continuing approval; each item to be approved must be 
individually submitted. 



France 

47. Inspection and approval is compulsory by law and design, fabrication and 
inspection procedures are specified in Government regulations. The Ministere de 
rindustrie (Direction des Mines) is the Government organisation for the inspection 
and approval of ail boilers and pressure vessels imported into France. Interim 
inspections may be carried out by an approved body in the UK acceptable to the 
French Authorities, but the hydraulic test must be carried out in France by the 
Service des Mines. 

48. The procedure required is as follows: 

(a) Design. One copy of the calculations has to be forwarded to the Direction 
des Mines. 

(b) Drawings. One copy of the design drawing is required. All measurements have 
to be shown in metric units, the design and hydraulic test pressures in bars and the 
design temperatures in degrees Centigrade. A parts identification list giving the part 
number, quantity, description and type of material has to be shown on the drawing. 

(c) Materials. To be approved by the Service des Mines. 

(d) Approval of welders. There is no mandatory approval of welders. 

(e) Fabrication. To be in accordance with the French regulations. 

49. There is no French system of continuing approval, each boiler or pressure vessel 
must be individually submitted to a hydraulic test supervised by the Service des Mines 
in the area where the boiler or pressure vessel is to be installed. However, the fact that 
the Service des Mines stamps a piece of equipment does not in any way diminish the 
manufacturer’s responsibility for its safety. 



Italy 

50. Inspection and approval is compulsory by law in accordance with Standards 
issued by the Associazione Nazionale per il Controllo della Combustione (ANCC) 
which is the Government organisation responsible for the inspection and approval 
of all boilers imported into Italy. Where the product of the pressure (in atmospheres) 
and the volume (in litres) is greater than 8000 or where the maximum allowable 
pressure exceeds eight atmospheres, all interim inspections, the final interior inspection 
and the hydraulic test are all carried out in the UK by ANCC inspectors while the 
vessel is under construction. Where the product of the pressure (in atmospheres) and 
the volume (in litres) does not exceed 8000 and where the maximum allowable pressure 
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does not exceed eight atmospheres, the vessel is subject only to tinal interior inspection 
and hydraulic test, which may be earned out in Italy. There is no mandatory approval 
of works but a certificate of approval of welding procedure and welders is required. 
Certificates issued by certain British organisations are acceptable. 



USSR 

51. All steam boilers working at a pressure greater than O' 7 kg/cm^ are subject to 
detailed legislation. All boilers are subject to inspection during construction, whereby 
the Boiler Inspectorate undertakes technical verification of the construction, in 
conformity with the special instructions of the Central Boiler Inspectorate. In the 
case of boilers not constructed within the boundaries of the USSR it is a requirement 
that a steam boiler shall only be taken into service after receipt of an authorisation 
from the Boiler Inspectorate, and that it shall have been examined by an inspector 
of the Boiler Inspectorate. 



General summary on requirements abroad 

52. Certain countries will accept pressure vessels constructed to the standards of 
the exporting country. Some of these are small countries which do not have their own 
design standards, but certain larger countries will accept plant designed to British 
Standards, some subject to the final documentation being authenticated by Notary 
Public, Chamber of Commerce or Consulate. 

53. Other countries have their o-wn rules which have been based on British practice, 
e.g. Australia and New Zealand. In this case submission of manufacturing drawings 
to the appropriate district authority is required before construction is commenced; no 
special authentication is however required on completion. India and Pakistan fall in 
a similar category regarding their Rules, but at least one UK inspection organisation 
is empowered to issue the required documents without specific reference to the 
importing country in each case. 

54. In other cases strict compliance with the importing countries’ own rules are 
required. These include the USA, Canada, Germany, Poland etc., but by reciprocal 
agreement at least one UK inspection organisation may carry out certain inspections 
and prepare and/or countersign documentation. 

55. Further details of the statutory requirements abroad are given in the Technical 
Digests issued by the ‘Technical Help to Exporters’ Section of BSI, Hemel Hempstead, 
UK. There are also available Digests covering a large number of countries other than 
those considered in this appendix. 
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Insurance 



1. There is no statutory requirement in the UK to insure pressure vessels either as 
such or as an integral part of a plant. Insurance is a commercial arrangement quite 
distinct from either technical considerations or statutory requirements. The pre- 
commissioning inspection undertaken on behalf of the customer is independent from 
any subsequent insurance of the plant concerned. Indeed, as insurance of pressure 
vessels in service is optional, many items of plant are operated solely on an ‘inspection 
only’ basis. 

2. However, because of the requirement for inspection under the Factories Act, many 
pressure vessels are covered by combined inspection and insurance contracts. In- 
spection prior to purchase or during construction is not a condition of such insurance. 
Certain vessels, particularly those forming part of a comprehensive industrial plant, 
are insured under fire policies where there is no inspection warranty and their inspection 
during service will depend on their position relative to the Factories Act. 

3. The standard pressure vessel insurance policy covers explosion and collapse of the 
vessel specified and damage to surroimding property, third party property and legal 
liability for third party personal injuries, and can be extended to include general 
damage. An inspection clause which specifically contracts to supply the inspections 
required by legislation is included by insurance companies in the UK. This inspection 
warranty clause can be waived in the case of unfired pressure vessels (ie other than 
steam boilers) to provide cover agairat explosion under a fire policy. 

4. From the viewpoint of the user, however, whilst unfired pressure vessels can be 
covered by insuring on normal fire and explosion risk policies like any other plant, this 
form of policy does not cover explosions due to steam. The Factories Acts are primarily 
concerned with the avoidance of an explosion caused by steam, and the statutory 
requirements for periodic examinations of steam-raising pressure vessels may lead 
users to insure such equipment whilst there is no legal requirement so to insure. If cover 
is required for steam-raising vessels, insurance companies are usually prepared to insure 
vessels involved in this risk, but normally under a separate policy which effectively 
contracts the work involved in the statutory examinations for their own inspection 
staff, in consequence of which other competent inspection authorities are excluded from 
such work. Users expressed the opinion that it would be desirable if the distinction 
between steam vessels and other process vessels could be removed, and a single cover 
under a unified fire and explosion policy for both fired and unfired vessels were to be 
made available. This would help to remove such insurance problems as the steam- 
jacketed vessel where on one side the vessel is a process vessel and on the other side a 
steam vessel. Thus, it is argued that whilst periodic examination of some categories of 
pressure vessels is a legal requirement, the use of insurance companies’ inspectors for 
this purpose is not a legal requirement and this should not be made a condition under 
which the insurance cover is issued in the UK. In this respect the UK insurance com- 
panies are normally willing to provide insurance cover under fire and explosion policies 
for both fired (steam) and unfoed (process) vessels without differentiation where such 
equipment is installed abroad. 
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5. The premium charged for the insurance of a pressure vessel consists of: 

(a) The inspection costs involved; 

(b) The pure insurance cost as determined from experience. 

(a) and (b) have no connection, and a plant owner may take out an inspection contract 
(without insurance) for which the charge under (a) only applies. 

6. A normal prerequisite of the insurance of a pressure vessel is that adequate in- 
spection has been undertaken (this need not include inspection during fabrication). 
Insurance premiums are not in themselves considered in dete rminin g design or manu- 
facturing methods. Furthermore, loading of premiums usually depends upon abnormal 
working risks or service conditions and not on inspection during manufactxire. 

7. An insurance company confirmed that the insurance premium charged for similar 
sized pressure vessels in similar situations would be the same whatever design standard 
had been used for their construction, provided that the vessel had been certified as 
suitable for the use to which it was being put by a competent authority. The certification 
would be based on the vessel’s condition as found by inspection and calculation of the 
safe working pressure, using the scantlings measured at the examination and taking 
into account the standards of construction used together with any special conditions of 
working. This could be taken to imply that a vessel with a wall thickness based on 
UTS/2* 35 or UTS/2* 7 (BS 1515 and ISO) would be charged the same insurance pre- 
mium as a vessel identical in all respects but with a thinner wall based on YS/1 • 5 (TUV 
Standard). The continued use in the UK of UTS as a factor to determine the vessel wall 
thickness does not appear therefore to be dependent upon either availability of in- 
surance coverage or a preferential insurance premium rate in the UK. 

8. The anticipated life of equipment for chemical plant and oil refineries in the UK 
is normally accepted by convention as 25 years, but in practice this may be consider- 
ably shorter. The 25 year plant life is longer than that required by American and some 
Continental users. The length of life of a vessel has no bearing on the insxirance premium 
charged (according to an insurance company), as insurance policies are designed to 
afford compensation for sudden and imexpected accidents. 

9. It was also commented that in some countries abroad the insurance companies are 
separate from inspection arrangements, and that the inspection authorities are inde- 
pendent and non-profit making. Foreign insurance companies apparently issue suitable 
insurance cover but do not take part in certification, inspection, or in any decisions 
regarding fabrication or safety of plant. In America the Inspectorate, by virtue of their 
State Licences, are supported by law. The Inspectors, although engaged by insurance 
companies in many instances, submit copies of their reports to the State Authorities in 
all instances, and this results in a combination of private and Government supervision. 
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UK activities relating to pressure vessels 



1. The present appendix lists very briefly a selection of organisations and their re- 
spective activities relating to the topic of pressure vessels in the UK. The list is not 
exhaustive; it is intended to indicate the variety of activities that relate to pressure 
vessels rather than to provide for completeness. 

2. There is a bewildering variety of BSI working Committees involved in pressure 
vessel work of one type or another. These report in turn to a number of main Industrial 
Committees. As an indication of the variety of Standards that are produced, the 
following list indicates that over 100 refer to pressure vessels, boilers, gas cylinders, 
pipes, welding, materials and test standards (the list does not include standards on other 
related topics, eg heat exchangers and tanks): 

Pressure Vessels (BS 1500, 1515, 1966, 3463) 

Pressure Vessels for Nuclear Reactors (BS 3915) 

Boilers (BS 609, 761, 854-5, 931, 1113, 1307, 2790, 3128) 

Sterilizers (BS 2904, 3213, 3219, 3220, 3233) 

Air Receivers (BS 428-30, 487, 1099, 1123) 

Air Reservoirs (BS 3256) 

Gas Cylinders (BS 341, 349, 399^01, 1045, 1287-8, 1319) 

Pipes (BS 378, 778, 1387, 1627-8, 3014, 3059, 3601-5, 3889, 3923) 

Pipe Fittings (BS 1387, 1560, 1640, 1965, 3439, 3581, 3799) 

Pipe Flanges (BS 1560, 1575-6, 3063, 3293, 3381) 

Welding (BS 693, 1126, 1453, 1821, 1856, 2633, 2640, 2642, 2901, 2937, 2971, 3019, 
3571) 

Materials for Pressure Vessels and Boilers (BS 14, 1501-6, 1510, 1633, 3740) 

Test Standards : 

for Boilers (BS 845, 2455, 2885) 
for Pipes (BS 3889) 

for Welding (BS 709, 1138, 1140, 3451) 
for Welders (BS 1295, 2645) 

for Materials (BS 18. 131, 240, 427, 891, 1094, 1639, 3228, 3500, 3518, 3688, 3920) 
for Radiographic Examination (BS 499, 2600, 2737, 2910, 3513) 
for Ultrasonic Examination (BS 3889, 3923) 

3. In an endeavour to co-ordinate the work at BSI a Pressure Vessel Standards 
Committee E/-/3 was set up in 1966 with three Sub-Committees working under its 
authority (which is, it is understood, of a purely advisory nature): 

E/-/3/1 International Work on Pressure Vessels; 

E/-/3/2 Co-ordination and Approach to the Design, Manufacture and Testing of 
Pressure Vessels; 

E/-/3/3 Materials of Construction and Associated Welding Procedure 
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Several Working Parties and Task Groups have been set up by the E/-/3/2 Committee 
to prepare specific proposals in selected areas (eg ‘Task Group on Manufacture, 
Workmanship, Inspection and Testing’). 

4. A further problem relating to standards for pressure vessels is the decision of the 
UK to metricate. All the BS for pressure vessels will be converted to metric units, 
although it is understood this will not be a difficult task except for flange design. 

5. Discussions on pressure vessels have been organised by the Institution of Mechan- 
ical Engineers, the Welding Institute and the West pf Scotland Iron and Steel Institute. 
The first-named publishes many papers on the subject, and through the Engineering 
Sciences Data Unit, produces design memoranda. 

6. There is no single research centre for work on pressure vessels, although the BWRA 
(now the Welding Institute) has worked extensively in this field particularly on weld 
behaviour. The CEGB, as an extensive user of boilers and pressure vessels, has con- 
tributed towards the establishment of the Power Engineering Research Steering Com- 
mittee, between the electricity supply side and manufacturers, in order specifically to 
review the adequacy of research in this field and to encourage collaborative research 
programmes. 

7. Support for research work at academic institutions is provided by the Science 
Research Council; support for industrial development of welding techniques and of 
new materials with good welding qualities may be considered for support by the 
Ministry of Technology. 

8. The Ministry of Technology’s Process Plant Branch acts as a focal point for the 
process plant and fabrication industries for liaison between Government and the 
industry. The Ministry’s Standards Division acts as a focal point for matters relating 
to standards, standardisation, metrication, quality assurance and associated topics. 

9. The NEDC has the following two bodies reporting to it on, inter alia, market 
demand trends and current supply data relating to fabricated vessels: 

(a) Mechanical Engineering Economic Development Committee (whose quarterly 
‘Short Term Trends’ reports indicate the orders and deliveries position for water 
tube boilers, shell boilers, chemical and other plant etc.); 

(b) Process Plant Working Party (who have published three reports, the first dated 
January 1967, dealing largely with the future demand for process plant). 

10. Other Committees currently working in the field of pressure vessels are: 

(a) Committee on Gas Cylinders (of the Home Office) which has completed a de- 
tailed Report towards improvement of the methods of manufacture, test and in- 
spection of all types for pressure vessel intended for conveyance by road; 

(b) Working Party on Technical Computer Applications to the Pressure Vessel 
Industry, of the National Computing Centre (this is described in Appendix O). 
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International activities relating to pressure vessels 



1. The present appendix lists very briefly a selection of organisations and their 
respective activities relating to the topic of pressure vessels internationally. The list is 
not exhaustive, it is intended to indicate the several lines along which pressure vessel 
activities tire proceeding rather than to provide for completeness. 



Ihteniational Standards Organisation (ISO) 

2. ISO/TCll is the Committee responsible for the Unification of the Rules for Con- 
struction of Boilers, and from the early 1950’s until 1965 its work was concerned with 
the preparation of the ISO Boiler Code— ISO Draft Recommendation No. 851— Rules 
for Construction of Stationary Boilers— which was circulated in 1965 to all ISO 
member bodies for postal ballot. 



3. In June 1966, the ISO Council approved the following new scope and title for 
ISO/TCll: 

Title: Boilers and Pressure Vessels; 

Scope: Standardisation and securing international co-ordination of: 

(a) Design and construction of safe boilers (stationary) and pressure vessels; 

(b) Methods of inspection and testing of such boilers and vessels; 

(c) Material requirements for the component parts used in the construction of 
such boilers and pressure vessels. 



4. Three Sub-Committees have been set up as follows; 

ISO/TCll/SCl : Materials for Boilers 
(Secretariat: Germany) 

ISO/TCl 1/SC2: Strength of Pressure Parts 
(Secretariat: France) 

ISO/TCl 1/SC3: Workmanship and Construction— Welding 
(Secretariat; Netherlands) 



5. A plenary meeting of ISO/TCll was held in October 1967, which reviewed drafts 
prepared by the Sub-Committees, and the various activities of the Suh-Committees 
were co-ordmated in an endeavour to produce a complete first draft pressure vessel 
Recommendation. Whilst a complete first draft was not forthcoming from the plenary 
rneetmg, a ‘vote of confidence’ was given to the Secretariat (the USA) to proceed with 
the preparation of a draft of a first draft proposal’ based on the documents notionally 
approved at the meeting. 
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6. ISO/TC17/WG10 is the working group set up in 1964 to draft proposals for ‘Steels 
for Pressure Vessels’, by developing specification documents for the individual types and 
grades of carbon and alloy steels on a basis consistent with the requirements set out by 
ISO/TCl 1/SCl (which would continue to define in general terms the essential require- 
ments for steels from the standpoint of the intended usage). 

7. ISO/TC58/SC3 is the Sub-Committee on Gas Cylinder Design (Secretariat: 
Netherlands) which has been preparing proposals on the design, construction and 
acceptance of both seamless steel and welded steel cylinders. 

8. ISO/TC85/SC3/WG6 is the Working Group on Steel Nuclear Pressure Vessels 
(Secret^iat: Germany) and sub-groups have been set up to prepare drafts for materials 
for design, and for manufacture and testing. The UK is the co-ordinating body for the 
Sub-Group on design and has already submitted a draft based on Section 3 of BS 3915. 



European Standards Co-ordinating Conunittee (CEN) 

9. CEN/WG23/SG1 is the sub-group for gas cylinders (Secretariat: UK); in respect 
of container design the sub-group is awaiting the ISO proposals. 

10. CEN/WG23/SG2 is the sub-group for type-tested, welded, air receivers (Sec- 
retariat: Sweden) and a draft CEN-Code has been completed, based on a PNEUROP 
proposal in which is used the ISO draft boiler rules for design (but with no factor on 
UTS for computing the nominal design stress) and the manufacturing and testing 
sections are similar to the Baumeisterprufung Rules. 

11. CEN/WG23/SG3 is the sub-group on other unfired pressure vessels (Secretariat: 
UK) which has recently started work. 

12. CEN/WG42 is the working group to consider the harmonisation of the admin- 
istrative requirements involved in operating a reciprocal approvals scheme by European 
countries. The need for this arises owing to the different rules and regulations on 
approval, inspection and acceptance of equipment in force in these countries. The 
working group is considering, as a pilot scheme, the approval and acceptance pro- 
cedures of CEN type-tested welded air receivers (CEN/WG23/SG2). 



European Economic Community (EEC) 

13, The EEC has issued a proposed General Directive specifying inspection and 
approval procedures for member countries, together with proposed rules for approving 
inspection authorities, and proposals for an EEC inspection approvals stamp. The 
‘Proposed general directive on the approximation of the laws of the member states 
concerning pressure vessels’ appears to make no provision for reciprocal arrangements 
outside EEC. 



European Free Trade Area (EFTA) 

14. The EFTA countries have made no proposals similar to those of EEC above, 
but in 1967 the EFTA Secretariat circulated proposals prepared by the Syndicat de 
rindustrie Europeenne des Bouteilles a Gaz Soudees (SEBS) for the harmonisation 
the regulations regarding safety and pre-delivery tests of welded gas cylinders. 
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15. As the incorporation of ISO and other internationally agreed Standards Recom- 
mendations into national standards is not mandatory, the following recommendation 
was endorsed by the EFTA Council of Ministers in Bergen (May 1966): 

‘The national standards bodies should be pressed to make the strongest efforts to 
secure a full acceptance of the results of international standards agreements without 
deviation and public purchasing departments should be urged to take full account 
of such standards’. 



Other organisations 

16. Colloque Europeen des Organismes de Controle — CEOC (the Association of 
European Inspection Organisations) is directly concerned with the inspection of 
pressure vessels, being an association of certain (but not all) of the various European 
inspection organisations. One of its aims is: 

‘the establishment of recommendations concerning pressure vessels and installations, 
subject to inspection and control, which may be the subject of consideration by 
national authorities in each of the member countries with a view to possible modifica- 
tions of the national regulations’. 

17. Syndicat Europeen de Reservoirs a Gas Soudes, is an organisation made up of 
Continental European fabricators (no UK membership) of pressure vessels up to 5,000 
litre water capacity, and the organisation works towards further standardisation. 

1 8. Comite Europeen de la Chaudronnerie et de la Tolerie (CECT), which is an associa- 
tion of national trade associations for the pressure vessel industry, is concerned with the 
co-ordination of national efforts in standards and inspection practice and other topics. 
It has members in the six countries of EEC and the seven countries of EFTA. 
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